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An apparatus for polishing substrates; compris- 


pended from said carousel and holding thereon respec- 


ing: 




tive ones of said substrates; 




at least two substrates to be polished; 


a positioning member coupled to said carousel to 




at least two second polishing surfaces; 


move said carousel and thereby position a selected one 




a rotatable carousel; 


of said substrate heads over a selected one of said pol- 




at least two first substrate head assemblies sus- 


ishing surfaces. 



\ 




3DOCID: <EP 0774323A2J_> 



1 



EP 0 774 323 A2 



2 



Description 

This invention relates to an apparatus and method 
for chemical mechanical polishing of semiconductor 
substrates using continuous or batch processing. Vari- s 
ous aspects of the invention include provisions to simul- 
taneously and sequentially transport a substrate to and 
load it onto a wafer head and/or clean and unload a sub- 
strate from a wafer head while simultaneously polishing 
one or more other substrates. The movement, cleaning, io 
and polishing of the substrate can be configured to be 
completely automated. 

Integrated circuit devices are typically formed on 
substrates, most commonly on semiconductor sub- 
strates, by the sequential deposition and etching of con- is 
ductive, semiconductive, and insulative film layers. As 
the deposition layers are sequentially deposited and 
etched, the uppermost surface of the substrate, i.e., the 
exposed surface of the uppermost layer on the sub- 
strate, develops a successively more topologically rug- 20 
ged surface. This occurs because the height of the up- 
permost film layer, i.e., the distance between the top sur- 
face of that layer and the surface of the underlying sub- 
strate, is greatest in regions of the substrate where the 
least etching has occurred, and least in regions where 2s 
the greatest etching has occurred. 

This non-planar surface presents a problem for the 
integrated circuit manufacturer. The etching step is typ- 
ically prepared by placing a resist layer on the exposed 
surface of the substrate, and then selectively removing 30 
portions of the resist to provide the etch pattern on the 
layer. If the layer is non-planar, photolithographic tech- 
niques of patterning the resist layer might not be suitable 
because the surface of the substrate may be sufficiently 
non-planar to prevent focusing of the lithography appa- 3$ 
rat us on the entire layer surface. Therefore, there is a 
need to periodically planarize the substrate surface to 
restore a planar layer surface for lithography. 

Chemical mechanical polishing or planarizing 
(CMP) is one accepted method of planarization. This 40 
planarization method typically requires that the sub- 
strate be mounted in a wafer head, with the surface of 
the substrate to be polished exposed. The substrate 
supported by the head is then placed against a rotating 
polishing pad. The head holding the substrate may also *s 
rotate, to provide additional motion between the sub- 
strate and the polishing pad surface. Further, a polishing 
slurry (typically including an abrasive and at least one 
chemically reactive agent therein, which are selected to 
enhance the polishing of the topmost film layer of the so 
substrate) is supplied to the pad to provide an abrasive 
chemical solution at the interface between the pad and 
the substrate. For polishing of an oxide layer, the slurry 
is usually composed of silica grit having diameters in the 
neighborhood of 50nm. The grit is formed by fuming and ss 
is then placed in a basic solution having a pH in the 
neighborhood of 10.5. The solution is then strongly 
sheared by blending so that the grit remains in colloidal 
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suspension for long periods. For metal polishing, the grit 
may be formed from either silica or alumina. 

The combination of polishing pad characteristics, 
the specific slurry mixture, and other polishing parame- 
ters can provide specific polishing characteristics. Thus, 
for any material being polished, the pad and slurry com- 
bination is theoretically capable of providing a specified 
finish and flatness on the polished surface. It must be 
understood that additional polishing parameters, includ- 
ing the relative speed between the substrate and the 
pad and the force pressing the substrate against the 
pad, affect the polishing rate, finish, and flatness. There- 
fore, for a given material whose desired finish is known, 
an optimal pad and slurry combination may be selected. 
Typically, the actual polishing pad and slurry combina- 
tion selected for a given material is based on a trade off 
between the polishing rate, which determines in large 
part the throughput of wafers through the apparatus, 
and the need to provide a particular desired finish and 
flatness on the surface of the substrate. 

Because the flatness and surface finish of the pol- 
ished layer is dictated by other processing conditions in 
subsequent fabrication steps, throughput insofar as it in- 
volves polishing rate must often be sacrificed in this 
trade off. Nonetheless, high throughput is essential in 
the commercial market since the cost of the polishing 
equipment must be amortized over the number of wa- 
fers being produced. Of course, high throughput must 
be balanced against the cost and complexity of the ma- 
chinery being used. Similarly, floor space and operator 
time required for the operation and maintenance of the 
polishing equipment incur costs that must be included 
in the sale price. For all these reasons, a polishing ap- 
paratus is needed which has high throughput, is rela- 
tively simple and inexpensive, occupies little floor 
space, and requires minimal operator control and main- 
tenance. 

An additional limitation on polishing throughput aris- 
es because the pad's surface characteristics change as 
a function of the polishing usage, and it also becomes 
compressed in the regions where the substrate was 
pressed against it for polishing. This condition, com- 
monly referred to as "glazing", causes the polishing sur- 
face of the polishing pad to become less abrasive to 
thereby decrease the polishing rate over time. Glazing 
thus tends to increase the polishing time necessary to 
polish any individual substrate. Therefore, the polishing 
pad surface must be periodically restored, or condi- 
tioned, in order to maintain desired polishing conditions 
and achieve a high throughput of substrates through the 
polishing apparatus. Pad conditioning typically involves 
abrading the polishing surface of the pad to both remove 
any irregularities and to roughen the surface. 

Pad conditioning, although it raises the average pol- 
ishing rates, introduces its own difficulties. If it is manu- 
ally performed, its consistency is poor and it incurs op- 
erator costs and significant downtime of the machinery, 
both decreasing the cost adjusted throughput. If the pad 
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conditioning is performed by automated machinery, 
care must be taken to assure that the surface abrading 
does not also gouge and damage the polishing pad. Fur- 
thermore, if the relative motion between the conditioning 
tool and pad is primarily provided by the pad rotation, s 
the relative velocity and dwell time varies over the radius 
of the pad, thus introducing a radial non -uniformity into 
the reconditioned pad. 

A further limitation on traditional polishing appara- 
tus throughput arises from the loading and unloading of 10 
substrates from the polishing surface. One prior art at- 
tempt to increase throughput, as shown by Gill in U.S. 
Patent 4,141,180, uses multiple polishing surfaces for 
polishing the substrate to thereby allow optimization of 
polishing rate and finish with two different pad or slurry 15 
combinations. A main polishing surface and a fine pol- 
ishing surface are provided within the described polish- 
ing apparatus at a polishing station. A single polishing 
head, controlled by a single positioning apparatus, 
moves a single substrate between the different polishing 20 
stations on the apparatus. 

Another method of increasing throughput uses a 
wafer head having a plurality of substrate loading sta- 
tions therein to simultaneously load a plurality of sub- 
strates against a single polishing pad to enable simul- 2s 
taneous polishing of the substrates on the single polish- 
ing pad. Although this method would appear to provide 
substantial throughput increases over the single sub- 
strate style of wafer head, several factors militate 
against the use of such carrier arrangements for 30 
planarizing substrates, particularly after deposition lay- 
ers have been formed thereon. First, the wafer head 
holding the wafer being polished is complex. To attempt 
to control the force loading each substrate against the 
pad, one approach floats the portion of the head holding 3$ 
the wafer. A floating wafer holder necessitates a sub- 
stantial number of moving parts and pressure lines must 
be included in the rotating and moving geometry. Addi- 
tionally, the ability to control the forces pressing each 
individual substrate against the pad is limited by the 40 
floating nature of such a wafer head assembly, and 
therefore is a compromise between individual control 
and ease of controlling the general polishing attributes 
of the multiple substrates. Finally, if any one substrate 
develops a problem, such as if a substrate cracks, a bro- *s 
ken piece of the substrate may come loose and destroy 
all of the other substrates being polished on the same 
pad. 

Polishing throughput is yet further limited by the re- 
quirement that wafers be washed at the end of polishing so 
and sometimes between stages of polishing. Although 
washing time has been limited in the past by simultane- 
ously washing multiple wafer head, insofar as the wash- 
ing requires additional machine time over that required 
for polishing, system throughput is adversely affected, ss 

Therefore, there is a need for a polishing apparatus 
which enables optimization of polishing throughput, flat- 
ness, and finish while minimizing the risk of contamina- 



tion or destruction of the substrates. 

The high-speed polishing required for a high- 
throughput polishing apparatus imposes severe restric- 
tions and requirements on the polishing apparatus. The 
mechanical forces are large, but minute scratches in- 
curred in polishing are fatal to integrated circuits. Hence, 
the design must control and minimize mechanical aber- 
rations. The environment of CMP processing is harsh 
so that the machinery must be carefully designed to 
lengthen lifetime and reduce maintenance. Also, the 
slurry, when allowed to dry on the wafer or any part of 
the apparatus, tends to form a hardened layer that be- 
comes very difficult to remove. In general, a high- 
throughput apparatus needs to be easy to operate, re- 
quire little operator intervention, be easily serviced for 
regular or unscheduled maintenance, and not be prone 
to failure or degradation of its parts. 

If a polishing system is to be commercialized, it 
must be flexible and adaptable to a number of different 
polishing processes. Different integrated-circuit manu- 
facturers prefer different polishing processes depend- 
ent on their overall chip design. Different layers to be 
planarized require distinctly different polishing process- 
es, and the chip manufacturer may wish to use the same 
polishing system for two different polishing processes. 
Rather than designing a polishing system for each pol- 
ishing process, it is much preferable that a single design 
be adaptable to the different processes with minimal 
changes of machinery. 

SUMMARY OF THE INVENTION 

The present invention provides a chemical mechan- 
ical polishing apparatus, and a method of using the ap- 
paratus, to provide a high rate of throughput of sub- 
strates with improved flatness and surface finish of the 
planarized substrate. 

The present invention further provides great flexi- 
bility in the polishing processes performed sequentially 
at multiple polishing stations. 

In one configuration according to the invention, mul- 
tiple, for example four, identical wafer heads are mount- 
ed equally distributed about the center support of a car- - 
ousel support plate. The centrally supported carousel 
frame when rotated positions the wafer heads and the 
substrates. Each head can rotate independently and 
can independently oscillate radially in slots formed in the 
head plate. Because the carousel assembly which holds 
the wafer head is vertically fixed, raising or lowering the 
wafer from the surface of the polishing pad requires rel- 
ative motion between the wafer receiving surface of the 
wafer head and the vertically fixed support of the carou- 
sel arm. In one configuration relative movement be- 
tween a wafer receiving member of the wafer head and 
a top member of the wafer head supplies the needed 
vertical motion. 

In use, multiple ones, for example, three, of the wa- 
fer heads are simultaneously positioned above polish- 
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ing stations while the remaining wafer head is positioned 
over a transfer station. Each polishing station is com- 
plete with an independently rotating platen supporting a 
polishing pad whose surface is wetted with an abrasive 
slurry which acts as the media for polishing. 

Each polishing pad is conditioned by an independ- 
ently rotating conditioner head which is swept in an os- 
cillatory motion over an arcuate path between the center 
of the polishing pad and its perimeter The conditioner 
arm presses the conditioning plate mounted on its end 
against the pad to condition the pad. A conditioner ap- 
paratus according to the invention provides for an auto- 
matic increase in conditioning pressure to the pad in ar- 
eas where the pad has become glazed, and an auto- 
matic reduction in conditioning pressure to the pad in 
areas where the pad is not glazed (the sensing of the 
coefficient of friction between the conditioner head and 
the pad providing immediate feedback causing the con- 
ditioning pressure to change accordingly). 

In use, one of the wafer heads is positioned above 
a transfer station for loading and unloading wafers to 
and from the heads while the other heads are positioned 
above the polishing stations and their wafer are being 
polished. The transfer station can also be used to align 
wafers and to wash the wafers and the wafer heads. 

The substrates to be polished are withdrawn from 
a liquid-filled cassette carrying the wafers in a substan- 
tially vertical orientation by a vacuum-chucking robot 
blade attached to a nearly infinitely adjustable robot 
transfer mechanism that allows flexible positioning of 
the wafer in its transit between the cassette and the pol- 
ishing apparatus. The wafer to be polished is inserted 
into the polishing apparatus by the transfer mechanism 
positioning the wafer above a transfer pedestal at a 
transfer station that loads and unloads the wafers, aligns 
them, and washes them. During this operation, the vac- 
uum surface of the robot blade of the transfer mecha- 
nism vacuum chucks the backside of the wafer on the 
downward facing side of the blade. The pedestal is first 
lowered to wash the wafer with jets arranged in the ped- 
estal surface. The pedestal is then raised to support the 
wafer, the vacuum-chucking vacuum is released, and 
the robot blade is removed. 

Alignment jaws are then raised to surround the wa- 
fer and the bottom portion of the wafer head. The jaws 
contract to contact the wafer head and simultaneously 
center the wafer under the wafer receiving recess in the 
wafer head. The wafer, now aligned to the wafer receiv- 
ing recess in the wafer head, is then raised by the trans- 
fer pedestal to insert the wafer into the wafer/substrate 
receiving recess and hold the wafer in contact with the 
head. Optionally, a vacuum supply through the head to 
the inside of the recess is activated to retain the wafer 
in the head and the pedestal is lowered. This head, now 
loaded with an un -polished wafer, is then ready to be 
rotated by the carousel head to a polishing position. Ro- 
tation of the carousel advances one of the other wafer 
heads to a position over the alignment transfer cleaning 



station. 

For unloading, after a substrate has been polished 
in the apparatus according to the invention and the wa- 
fer head with such a wafer is returned to the wafer align- 
s ment transfer cleaning station, a washing cup/basin is 
raised to generally surround the bottom portion of the 
wafer head. A cleaning solution (e.g., deionized water) 
flows through spray nozzles (located in both the top of 
the transfer pedestal and in several perimeter nozzles 
10 arms) which are directed at the face of the head and the 
lower portion of the wafer head to dislodge and remove 
slurry and other debris which may be present on the wa- 
fer and lower wafer head surfaces to reduce contami- 
nation prior to more complete subsequent cleaning. The 
is washing cup captures nearly all of the sprayed solution 
to guide it away to be recycled or discarded. The transfer 
pedestal is then raised into contact with the wafer. Op- 
tionally, a vacuum seal between the wafer and the top 
face of the pedestal is formed as the piping connection 
to the fluid nozzles in the pedestal is changed to be 
ported to a vacuum system so that the nozzles act as 
vacuum ports to firmly hold the wafer to the surface of 
the pedestal. The wafer is then released from the face 
of the wafer head by the application of gas pressure 
through and/or from within the head. The pedestal with 
the wafer now firmly attached is lowered into the wash 
basin/cup and this time only the perimeter spray nozzles 
are again activated to cleanse the back side of the wafer 
and the area of the wafer head which was formerly hid- 
den by the wafer when the wafer was attached. Once 
cleaning is completed, the washing basin is lowered to 
reveal the wafer still attached to the transfer pedestal. 
The pedestal is then raised out of the washing basin, 
and the transfer robot blade then moves in to retrieve 
the wafer. Vacuum is applied through the blade to se- 
curely attach to the wafer to the blade. Once such at- 
tachment is confirmed, any vacuum applied on the sur- 
face of the transfer pedestal is released, leaving only 
the robot blade attached to the wafer. The transfer ped- 
estal can then be lowered, and the wafer retracted from 
the apparatus. While the wafer head is free of an at- 
tached wafer, it can be washed by the basin being raised 
about the lower end of the wafer head and wash solution 
sprayed toward it by the ports in the pedestal head and 
by side sprays within the basin. 

An intermediate washing station can be provided, if 
desired, between adjacent platens (polishing stations) 
to clean the wafer as it passes from one polishing station 
to the next. Such intermediate washing reduces the 
transfer of abrasive slurry particles from one platen to 
the next, at which the substrates are positioned for re- 
moval of slurry and other byproducts of polishing with 
deionized water or other materials. Such washing sta- 
tions can also be placed before and after the polishing 
line of platens. If desired, they can be considered as ad- 
ditional processing stations to effectively buff the wafer. 
Therefore, the polishing apparatus can be enlarged to 
allow one set of wafer heads to rotate respective wafers 
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over the washing stations while another set of wafer 
heads are used to polish other wafers on the pads 
mounted on the platens between the washing stations. 

An aspect of the invention provides a polishing 
process using multiple polishing pads. The apparatus s 
thus includes a first polishing surface, which produces 
a first material removal rate and a first surface finish and 
flatness on the substrate, and at least one additional pol- 
ishing surface, which produces a second surface finish 
and flatness on the substrate. The multiple pads can be 10 
used in an in-line process in which the pads have sub- 
stantially similar polishing characteristics but a wafer is 
nonetheless sequentially polished on the different pads. 
The division of equivalent polishing between different 
polishing pads reduces the loading and unloading time, is 
Alternatively, the multiple pads can be used in a multi- 
step process in which the pads have different polishing 
characteristics and the wafers are subjected to progres- 
sively finer polishing or the polishing characteristics are 
adjusted to different layers to be progressively encoun- 20 
tered during polishing, for example, metal lines under- 
lying an oxide surface. 

A further aspect of the invention is an apparatus for 
conditioning polishing pads. The conditioning apparatus 
includes a conditioner support which can pivot a condi- 2s 
t»onor arm both horizontally and vertically. A conditioner 
hond suspended from the arm includes a pad condition- 
er ,i niched to a conditioner face plate or other condi- 
iiomrg surface or tool. The face plate is attached to the 
ron<ii»oner head with a spherical surface connection 30 
• p. iMmI ball and socket joint) to move as needed to con- 
lotrn wan the surface of the polishing pad as the polish- 
in i p <d moves relative to the conditioner pad. The con- 
tt'orcr ncad may rotate as the pad rotates under it and 
w?..io the conditioner arm horizontally pivots about the 3S 
con j loner support at the edge of the platen to oscillate 
in . c onditioning surface from the center to the edge of 
imo polishing pad. 

To press the pad conditioner face plate or other con- 
ovorinq surface against the polishing surface, the con- 40 
di'orcf apparatus also preferably includes a loading 
member such as a hydraulic piston, which is located on 
me opposite side of the conditioner support from the 
cona noncr head to raise and lower the arm and is at- 
ih :hcd between the arm and the rotatable support hous- 45 

to pivot laterally with it. In operation, the piston is 
generally loaded to a specified constant pressure to 
bupp'y a constant downward force on the conditioner 
liund 

As the pad conditioner is rotated or simply dragged so 
across the pad surface, it bears against the surface of 
the polishing pad. In one embodiment according to the 
invention, the conditioner head is fixed by a conditioner 
head shaft to a conditioner head sheave. A drive belt 
driven by a conditioner drive sheave turns the head ss 
sheave. The conditioner drive sheave is turned by a con- 
ditioner drive shaft which is substantially collinear with 
a conditioner support housing. The head and drive end 



sheaves and drive belt are located above, and offset 
from a centerline passing through the conditioner arm 
vertically pivoting axis and parallel to the longitudinal ax- 
is of the arm. The drive sheave is fixed at a constant 
attitude to the conditioner drive shaft and does not move 
with the arm, while the conditioner head sheave pivots 
with the arm. The drive belt therefore tightens as the arm 
swings down and loosens as the arm swings up. 

As the surface of the polishing pad rotates under 
the conditioner head, the coefficient of friction between 
the polishing pad and conditioner head (actually the pad 
conditioner) varies due to varied surface condition of the 
polishing pad. A glazed region of the polishing pad pro- 
vides a lower coefficient of friction between surfaces 
than a non-glazed region. 

When the coefficient of friction increases (such as 
when going from a glazed region to a non-glazed re- 
gion), the torque necessary to turn the conditioner head 
at a constant velocity also increases. This torque in- 
crease provides increased tensioning of one side of the 
belt. Because the belt and its tensioning force are offset 
from the center of the vertical rotational axis of the con- 
ditioning arm, the increased belt tension increases the 
force which tends to lift the arm and thereby decreases 
the load of the conditioning head on the polishing pad, 
thereby reducing the conditioning effect. This is in con- 
trast to the situation when the coefficient of friction at the 
interface decreases (such as when going from a non- 
glazed region to a glazed region), the torque required to 
drive the conditioning head also decreases. The tension 
of the belt turning the conditioner head at a constant ve- 
locity decreases, which reduces the force, thus tending 
to lift the conditioner arm and thereby increases the load 
of the conditbner head on the polishing pad, thereby 
increasing the conditioning effect. The change in the 
conditioning force thus occurs as an automatic or inher- 
ent response of the mechanical apparatus. The self -ten- 
sioning is particularly useful with conditioners of smaller 
size which are more susceptible to local variations in the 
pad condition. 

This configuration increases the load to increase 
the force of the conditioning head against the glazed 
portions of the pad : and an automatic reduction in the 
downward load force when non-glazed portions of the 
pad are encountered by the conditioner head. The load 
adjustment occurs substantially instantaneously without 
the need for control inputs. Thus, the self-tensioning re- 
duces the need to over condition the non-glazed por- 
tions to ensure adequate conditioning of the glazed ar- 
eas of the pad, as was necessary in the prior art. 

The central carousel support plate includes a series 
of radial slots in which the wafer head assemblies can 
oscillate between an inner radial position and an outer 
radial position as the wafer heads and attached wafers 
are independently rotated by wafer head rotation motors 
and are simultaneously pressed against the independ- 
ently rotating polishing pads by pressure independently 
applied by each wafer head. The slotted design reduces 
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the mechanical rigidity required to reduce vibration. Al- 
so, it allows easy maintenance of the wafer heads. 

However, the nature of the slurry used in chemical 
mechanical polishing is that the rotating platens tend to 
throw the slurry and a slurry mist tends to exists within 5 
the machine enclosure. This airborne slurry coats sur- 
faces that it comes in contact with and, if allowed to dry, 
large agglomerated particles are formed which can 
lodge on the pad surface, resulting in scratches on the 
wafer. The suspension for the abrasive media is a solu- io 
tion, for example, potassium hydroxide (KOH) : which 
can short electrical connections and undesirably de- 
grade exposed surfaces. To avoid these problems a "D" 
shaped plate with overlapping flanges rotates and radi- 
ally oscillates with the radially oscillating wafer head as- 1$ 
sembly and creates a labyrinthine slot closure, thus pre- 
venting direct access by slurry or vapor into the internals 
of the carousel head. Such a closure with a multi-head 
carrier assembly housing nearly eliminates the delete- 
rious effects of exposing the mechanical and electrical 20 
parts contained within such a housing to the internal en- 
vironment of a chemical mechanical polishing appara- 
tus. 

The conditioner head pad conditioner and its sur- 
rounding surfaces with use become inundated with the 2s 
slurry on the surface of the polishing pad. This slurry 
and its suspension can dry to a rock-hard cake which is 
not readily wettable and does not easily return to a wet 
suspension. To prevent this undesirable condition from 
occurring, a configuration according to the invention in- 30 
eludes a retractable conditioner head storage and wash- 
ing cup which keeps the lower portion of the conditioner 
head surfaces wetted in H 2 0 or an aqueous solution 
(preferably of NaOH or NH 4 OH). The washing fluid can 
be continuously circulated or, particularly for a chemical 35 
solution, be supplied on demand through a central basin 
of the washing cup. The central cup basin is surrounded 
by a weir, over which fluid overflows into a fluid drain 
channel. The cup is attached to a cup rotation apparatus 
which moves the cup from a position out of the path of 40 
travel of the conditioner head to a position where when 
the conditioner head is raised above the top of the stor- 
age cup, the storage cup can be rotated into position 
under the conditioner head and the conditioner head 
lowered into the solution in the storage cup for storage. 
The process is reversed to placed the conditioner head 
back into operation. 

Wafers are transported to the system in wafer cas- 
settes. Preferably, the cassettes are stored in a circulat- 
ing water bath to reduce slurry caking and metal oxida- so 
tion. A single transfer apparatus is used to both transfer 
cassettes between a dry position and the bath and to 
transfer individual wafers between the cassettes in the 
bath and the polishing apparatus. 

A robot transfer apparatus includes an "L" shaped ss 
member at its end, one leg of the "L" shaped member 
is the vacuum robot blade, the other leg is a wafer cas- 
sette lifting fork. The wafer transfer apparatus is sup- 



ported by a fixed support beam. A horizontal carriage 
runs within the beam and supports a descending arm 
rotatable about a vertical axis. The descending arm in- 
cludes an upper rail support vertically fixed to the hori- 
zontal carriage, but rotatable about a vertical axis. A low- 
er linear carriage is slidably engaged with the upper rail 
and moves vertically relative to it based on the rotation 
of an arm extension motor mounted in the horizontal car- 
riage. The °L" shaped member is attached to the bottom 
end of the lower linear carriage and is rotatable about a 
horizontal axis relative to it. The motor to rotate the "L" 
shaped member is mounted on the top end of the lower 
linear carriage and rotates the B L" shaped member 
through a long shaft attached to a worm gear arrange- 
ment at the horizontal axis. The position of the motor 
close to the support beam reduces the moment of inertia 
of the descending arm around its support at the horizon- 
tal carriage. In this configuration the robot blade can be 
positioned to transfer wafers from wafer cassettes which 
hold the wafers at a slight angle from the vertical, to raise 
the wafer and rotate it around a horizontal axis to a hor- 
izontal position and rotate the descending arm around 
a vertical axis to position the wafer at the transfer posi- 
tion in the polishing apparatus. The wafer cassette lifting 
fork of the *L m shaped member, fixed at 90 degrees from 
the robot blade, can similarly be manipulated to engage 
lifting loops on the side of wafer transfer cassettes. The 
lifting forks include a shoulder/notch which engages the 
back side of a lifting loop on the backside of the wafer 
cassette. When the lifting fork is slipped through the lift- 
ing loop and moved slightly horizontally and rotated 
slightly, the lifting notch no longer passes freely out of 
the loop lifting of the lifting fork. When the lifting fork is 
raised, its shoulder/notch catches the back side of the 
lifting loop causing the loop edge of the cassette to rise. 
Since the arm has been slightly rotated to engage the 
cassette and keep it horizontal, the cassette is prevent- 
ed from pivoting more than a few degrees about the lift- 
ing point. As the edge of the cassette is lifted it comes 
into contact with the bottom of the lifting fork, the weight 
of the cassette assures that cassette lifting loop is 
pressed toward the notch in the lifting fork to keep the 
weight of the cassette on the shoulder/notch of the lifting 
fork. The vertical component of weight of the cassette 
is opposed by the up facing shoulder/notch of the lifting 
fork to allow the transfer apparatus to pickup and move 
the wafer storage cassettes 

The placement and movement of wafer cassettes 
and substrates and the duration of polishing or cleaning 
performed at each station are preferably controlled by 
a controller, such as a microprocessor, which is pro- 
grammed to direct the positioning and loading of the 
substrates and to provide optimal polishing finish, flat- 
ness, and throughput. 

Figure 2 is an exploded view of the polishing appa- 
ratus of FIG. 1 showing the upper housing and 
mechanism separated from the lower housing and 
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mechanism; 

Figure 3 is a graph schematically illustrating glazing 
causes polishing rates to decrease with time; 
Figure 4 is a schematic illustration of the variations 
in polishing rates over the areas of a rotating wafer 5 
and a rotating pad; 

Figures 5A, 5B, 5C, 5D, 5E, and 5F schematically 
show the progressive movement of wafers as they 
are sequentially loaded and polished in the carousel 
carrier polishing apparatus according to the inven- io 
tion; 

Figures 6A, 6B, 6C, and 6D show the movement of 
the wafer from and to the transfer-cleaning station 
as is seen in FIGS. 5E and 5F and show the actual 
movement of substrates in the polishing carousel; is 
Figure 7 is an exploded view of the carousel of FIG. 
2; 

Figure 8 is a top view of the carousel according to 
the invention with the upper housing removed; 
Figure 9 is a cross section of the wafer head system 20 
of FIG. 8 taken at line 9-9 of FIG. 8, including one 
type of wafer head; 

Figure 10 is a close up view of the wafer head to 
shaft housing connection as shown in FIG. 9; 
Figures 1 1 and 1 2 are cross-sectional views of a 25 
second type of wafer head; 

Figure 1 2A is a cross-sectional view a third type of 
wafer head related to that of FIGS. 11 and 12; 
Figure 1 3 is a cross-sectional view of a novel rotary 
union; 30 
Figures 14A, 14B, and 14C show the progressive 
positions of the shaft follower slot splash shield 
plate as a wafer head assembly oscillates radially 
from its innermost position to its outermost position; 
Figures 15A, 15B, and 15C show progressive end 35 
cross sectional views of the shaft follower slot 
splash shield plate as a wafer head assembly oscil- 
lates radially from its innermost position to its out- 
ermost position corresponding to the views shown 
in FIGS. 14A, 14B, and 14C; 40 
Figures 16A, 16B, and 16C show progressive side 
cross sectional views of the operation of the splash 
plates taken along the radial axis of a carrier arm 
and corresponding to the views shown in FIGS. 
14A, 14B,and 14C; 45 
Figures 17A, 17B, and 17C show progressive per- 
spective views of the splash plates as shown in 
FIGS. 14A, 14B, and 14C; 

Figure 18 shows a top view of the polishing appa- 
ratus according to the invention with the carousel &° 
head plate and wafer head assemblies removed; 
Figure 1 9 shows a cross sectional view of a platen 
of FIG. 18 taken at 19-19; 

Figure 20 is an enlarged cross-sectional view of the 
reservoir portion of the platen of FIG. 19; . 55 

Figure 20 is a yet further enlarged cross-sectional 
view of the pneumatic pump of the reservoir of FIG. 
20; 



Figure 22 is a schematical cross-sectional view of 
an overhead slurry dispenser located to the side 
and over a platen; 

Figure 23 is a plan view of the overhead slurry dis- 
penser of FIG. 22; 

Figure 24 is an enlarged elevational view of the dis- 
pensing end of the overhead slurry dispenser of 
FIG. 22; 

Figure 25 is a schematical diagram of the slurry dis- 
tribution system; 

Figures 26A, 26B, 26C, 26D, and 26E are lateral 
cross-sectional views of the intermediate washing 
station located between adjacent polishing platen. 
The sequence of these five similar views show the 
progressive action of a wafer head and attached 
wafer being washed at the intermediate washing 
station; 

Figure 26F is a longitudinal side view taken at 26F- 
26F of FIG. 26D of the intermediate washing station 
of FIGS. 26A through 26E; 

Figure 26G is a top plan view taken at 26G-26G of 
FIG. 26E of the intermediate washing station of 
FIGS. 26A through 26F; 

Figure 27 is a side cross -sectional view of a second 
embodiment of the intermediate washing station; 
Figure 28 is a plan view of the washing station of 
FIG. 27; 

Figure 29 shows the side cross sectional view of a 
polishing pad conditioner apparatus according to 
the invention: 

Figure 30 shows an exploded perspective view of 
the conditioning disk fit into the conditioner head; 
Figure 31 shows a close up view of the conditioner 
head shown in FIG. 29; 

Figure 32 shows a schematic view of a prior art con- 
figuration for a conditioner head apparatus; 
Figure 33 shows a schematic view of a conditioner 
head apparatus according to the invention; 
Figure 34 shows an exploded view of the condition- 
er support/drive end connection with the conditioner 
arm and the drive sheave; 

Figure 35 shows a cross -sectional view, partly in 
plan schematic view, of the conditioner arm support 
and drive mechanism; 

Figures 36A, 36B, and 36C shows the progressive 
steps as a conditioner apparatus raises its condi- 
tioner head out of its washing cup and lowers the 
conditioner head into position on the polishing pad; 
Figure 37 shows a side cross sectional view of the 
conditioner head washing cup according to the in- 
vention; 

Figure 38 shows a close up top view of the washing 
station according to the invention; 
Figures 39A, 39B, and 39C show a top view of a 
polishing position showing the general relative 
movements of the polishing platen, wafer head, and 
conditioner head as shown in FIGS. 36A-36C: 
Figure 40 shows a perspective view of a wafer 
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transfer alignment cleaning station according to the 
invention; 

Figure 41 shows a top view of the wafer transfer 
alignment cleaning station of FIG. 40; 
Figure 42 shows a perspective view in partial cross- & 
section of the wafer transfer alignment cleaning sta- 
tion of FIG. 40, showing the pneumatic actuators 
which are used to actuate the alignment jaws to 
align the wafer to the wafer head; 
Figure 43 shows a partial perspective cross-section io 
of the wafer transfer alignment cleaning station of 
FIG. 40. showing the center and perimeter fluid pas- 
sages to spray nozzles and suction ports; 
Figure 44 shows a cross-sectional view ol the trans- 
fer station pedestal and surrounding wash basin; is 
Figure 44A shows an enlarged cross-sectional view 
of the part of FIG. 44 illustrating the connection be- 
tween the pedestal column and the basin housing; 
Figure 45 shows a closeup sectional view in per- 
spective of the alignment jaw to alignment yoke 20 
connection of FIG. 42; 

Figure 46 shows a perspective view of the spider 
assembly at the lower end of the pedestal shaft; 
Figure 47A, 47B, 47C, 47D, and 47E show side el- 
cvational cross-sectional views of progressive 2s 
steps according to the invention taken to align and 
load a wafer into the wafer receiving recess of a wa- 
fer head for subsequent polishing; 
Figures 48 A, 48B, and 48C provide top cross sec- 
t onnl schematic views of the wafer transfer clean- 30 
ing station showing the alignment of a wafer being 
loaded on a wafer head, corresponding to the re- 
spective views of FIGS. 47 A, 47B, and 47C; 
Fiqurcs 49A, 49B, and 49C; their respective coun- 
terparts 50A, 50B, and 50C; and 51 A, 51 B, and 51 C 35 
sho^v side cross -sectional, partial cross sectional, 
and lop cross sectional and schematic views of the 
walcr transfer-cleaning station and the check valve 
m the pedestal, in progressive steps as a wafer and 
he lower portion of a wafer head to which the wafer 40 
is still initially attached is thoroughly rinsed by all 
available nozzles; and in progressive steps the wa- 
ter is released from the head and held on the ped- 
estal by vacuum and rinsing of the assembly in this 
contiguration is performed before removal of the 
wafer from the polishing apparatus by a robot blade; 
Figure 52 shows a side cross sectional view show- 
ing Ihe head plate in position over the polishing sta- 
tions and one wafer head assembly in position over 
and within a wafer alignment transfer cleaning ap- so 
paratus according to the invention, for example tak- 
en at line 52-52 of FIG. 2; 

Figure 53 shows a perspective view of a gear lock- 
ing assembly at the bottom of the carousel: 
Figure 54 shows a front partial cross sectional sche- ss 
matic view of a wafer loading apparatus according 
to the invention; 

Figure 55 shows a perspective view of an "L" 
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shaped member which includes the robot blade and 
a wafer cassette tray lifting claw as used for the de- 
vice of FIG. 53; 

Figure 56 shows a perspective view of the bottom 
of the robot blade of FIG. 55; 
Figure 57 shows a back partial cross sectional 
schematic view of the blade, claw, and bottom of 
the arm of the wafer loading apparatus of FIG. 54; 
Figure 58 shows a side plan view of the robot blade 
of FIG. 54; 

Figures 59 and 60 show respectively top and bot- 
tom partial cross-sectional plan views of the robot 
blade of FIG. 58; 

Figure 61 shows a simplified exploded perspective 
view of the descending arm and wrist assembly of 
the wafer loading apparatus of FIG. 54; 
Figure 62 shows a simplified exploded top perspec- 
tive view of the overhead track of the wafer loading 
apparatus of FIG. 54; 

Figure 63 shows a perspective view of an end of the 
overhead track of FIG. 62; 

Figure 64 shows a top partial plan view of the over- 
head track of FIG. 54; 

Figure 65 shows an end partial cross sectional 
schematic view of the wafer loading apparatus of 
FIG. 54; 

Figure 66 shows a end view of the wafer and cas- 
sette loading apparatus according to the invention 
showing the location of the wafer bath and wafer 
cassettes in the wafer bath with respect to the pol- 
ishing apparatus; 

Figure 67 shows an axial cross-sectional view of tub 
holding one or more wafer cassettes in a liquid bath ; 
Figure 69 shows an elevatbnal view of a support 
rail of the tub of FIG. 67; 

Figures 70A, 70B, 70C, 70D, and 70E are schemat- 
ic perspective views showing progressive steps and 
movement of a robot blade according to the inven- 
tion by which wafers are loaded and unloaded into 
and from the polishing apparatus; 
Figure 71 A, 71 B, and 71C show the movement of 
the cassette lifting fork of the shaped member 
as it lifts the wafer cassette; and 
Figures 72A, 72B, and 72C show the progressive 
movement of the wafer cassettes such that in a 
batch operation particular cassettes can be move 
to provide progressive and continuous polishing 
and utilization of the apparatus according to the in- 
vention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

This description will first give an overview of the sys- 
tem and a general description of the processing steps. 
Then, the individual sub-systems and the detailed proc- 
esses will be further described. 
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Apparatus Overview 

Figure 1 shows a perspective view of an apparatus 
according to the invention. A polishing system 10 in- 
cludes a polishing apparatus 20 adjacent to a wafer 
loading apparatus 30. Wafers 40 brought to the system 
10 in a cassette 42, which is immediately stored in a tub 
34 so as to keep the wafers wet. The wafers 40 are in- 
dividually loaded from the cassette 42 into the wafer pol- 
ishing apparatus 20, which polishes them and then re- 
turns them to the original cassette 42 or another one in 
the tub 34. The figure does not show a wall interposed 
between the polishing apparatus 20 and the wafer load- 
ing apparatus 30 so as to contain the slurry and other 
polishing debris within polishing apparatus 20 and away 
from the tub 34. An unillustrated sliding door in the wall 
is opened for transfer of wafers between the two appa- 
ratus 20 and 30. The wall may act as the barrier between 
the clean room containing the wafer loading apparatus 
30 and a dirtier area containing the polishing apparatus 
20. 

The polishing apparatus 20 includes a lower ma- 
chine base 22 with a table top 23 mounted thereon and 
a removable upper outer cover 24 surrounding a series 
of polishing stations 50a, 50b, and 50c. As shown in the 
exploded perspective view of FIG. 2, a fence 25 sur- 
rounds the table top 23 to contain the liquids and slurry 
being thrown about and which are drained through un- 
illustrated drains in the table top. 

Each polishing station 50a, 50b, or 50c includes a 
rotatable platen 52 on which is placed a polishing pad 
54, and it further includes an associated pad conditioner 
apparatus 60a, 60b, or 60c, each with a rotatable arm 
62 holding a conditioner head 64 and an associated 
washing basin 68 for the conditioner head 62. The base 
22 also supports a transfer station 70 positioned in a 
square arrangement with the three polishing stations 
50a, 50b, and 50c. The transfer station 70 serves mul- 
tiple functions of receiving individual wafers 40 from the 
loading apparatus 30, possibly rinsing them, loading 
them to wafer heads (to be described later) which hold 
them during polishing, receiving the wafers 40 back from 
the wafer heads, washing them, and finally transferring 
them back to the loading apparatus 30. It also washes 
the wafer head after its wafer has been unloaded. 

Two intermediate washing stations 80a and 80b are 
located between neighboring ones of the polishing sta- 
tions 50a, 50b, and 50c : and a third washing station 80c 
may be located between the last polishing station 50c 
and the transfer station 70. These rinse a wafer 40 as it 
passes from one polishing station to another and to the 
transfer station 70 and may effectively buff the wafer 40 
as well. 

A rotatable multi-head carousel 90 includes four 
wafer head systems 100a, 100b, 100c, and 100d which 
receive and hold wafers 40 and polish them by pressing 
them against respective polishing pads 54 held on the 
platens 52 at the respective polishing stations 50a, 50b, 



and 50c. The carousel 90. which is in the shape of a 
cross because the area between its arms is remove, is 
supported on a stationary center post 902 and is rotated 
thereon about a carousel axis 904 by a motor assembly 
5 located within the base 22. 

In this configuration according to the invention, the 
four identical wafer head systems 100a, 100b, 100c, 
and 1 0Od are mounted on a carousel support plate 906 
at equal angular intervals about the carousel axis 904. 

io The center post 902 centrally supports the carousel sup- 
port plate 906 and allows the carousel motor to rotate 
the carousel support plate 906, the wafer head systems 
100a, 100b, 100c, and 100d, and the wafers 42 attached 
thereto about the carousel axis 904. 

*s Each wafer head system 1 00a, 1 00b, 1 00c, or 1 0Od 
includes a wafer head 110 that is rotated about its own 
axis by a head-rotation motor 1 002 connected to it by a 
shaft The heads 1 1 0 can rotate independently as driven 
by their dedicated head-rotation motors 1002 (shown in 

20 FIG. 2 by the removal of one carousel quarter-cover 
908), and can further independently oscillate radially in 
slots 910 formed in the carousel support plate 906. Rais- 
ing or lowering wafers attached to the bottom of the wa- 
fer heads 110 is performed within the wafer head sys- 

2S terns 1 00. An advantage of the overall carousel system 
is that very little vertical stroke is required of the wafer 
head 1 1 0 to accept the wafers and position them for pol- 
ishing and washing. What little vertical stroke is required 
can be accommodated within the lowermost member at 

30 the very end of the wafer head 1 1 0. An input control sig- 
nal causes relative motion (extension and retraction of 
the head) between a wafer head lower member which 
includes a wafer receiving recess and a vertical station- 
ary wafer head upper member according to an input 

35 control signal (e.g., a pneumatic, hydraulic, or electrical 
signal). 

During the actual polishing, the wafer heads 110 of 
three of the wafer head systems, e.g., 100a, 100b, and 
100c, are positioned at and above respective polishing 

40 stations 50a, 50b, and 50c, each having an independ- 
ently rotatable platen 52 supporting a polishing pad 54 
whose surface is wetted with an abrasive slurry which 
acts as the media for polishing the wafer 40. During pol- 
ishing, the wafer head systems 100a : 100b, and 100c 

45 independently oscillate along respective radii of the car- 
ousel 90 so that the associated wafer heads 110 move 
along a diameter of a respective polishing pad 54. In a 
typical process, the sweep axis of a wafer heads 110 is 
aligned to the center of the polishing pad 54. 

50 in use, the wafer head 110, for example : that of the 
fourth wafer head system 100d, is initially positioned 
above the wafer transfer station 70. When the carousel 
90 is rotated, it positions different wafer head systems 
100a, 100b, 100c, and 100d over the polishing stations 

55 50a, 50b, and 50c and the transfer station 70. The car- 
ousel 90 allows each wafer head system 100 to be se- 
quentially located first over the transfer station 70, then 
over one or more of the polishing stations 50, and then 
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back to the transfer station 70. 

Each polishing pad 54 can be continuously or peri- 
odically conditioned by one of the pad conditioner ap- 
paratus 60, each having an independently rotating con- 
ditioner head 64 attached to the conditioner arm 62. An 5 
abrasive conditioning plate or a similar conditioning sur- 
face needs to be included at the bottom of the condition- 
er head 64. The arm 62 sweeps the conditioner head 64 
across the associated polishing pad 54 in an oscillatory 
motion generally between the center of the polishing 10 
pad 54 and its perimeter The conditioner head 64 is 
pressed against the pad 54 to abrade and condition the 
pad so that it thereafter effectively polishes any wafer 
40 pressed against it while it is rotating. 

In the wafer loading system 30, shown in FIG. 1 , the is 
cassette 42 is first transferred from a holding station 32 
to a holding tub 34 filled with a liquid bath 302 such as 
deionized water to a level to submerse the cassettes 42 
and the wafers 40 contained therein. Then, individual 
wafers 40 to be polished are withdrawn from the wafer 20 
cassette 42 in the tub 34 to the polishing apparatus 20. 
A rotatable, extensible descending arm 35 descending 
pending from an overhead track 36 includes at its distal 
end a wrist assembly 37 including both a wafer blade 
38 and a cassette claw 39. The cassette claw 39 can 2S 
move cassettes 42 between the holding station 32 and 
the tub 34, and the wafer blade 38 can move and reori- 
ent wafers 40 between the cassettes 42 in the tub 34 
and the transfer station 70. Although FIG. 1 and the re- 
maining figures show the holding station 32 disposed 30 
on a side of the machine base 22 away from the transfer 
station 70, this illustration is so arranged only for clarity. 
In fact, the comer of the machine base 22 holding the 
transfer station 70 is pulled in relative to its other cor- 
ners. Hence, the holding station 32 is advantageously 3S 
disposed in the more open area at the comer of the 
transfer station 70 within the machine base 22. 

General Polishing Processes 

40 

The apparatus outlined above can be used for a 
number of different types of polishing sequences. Three 
principal polishing processes are the in-line process, the 
mufti-step process, and the batch process. 

The in-line process divides the polishing operation *s 
into multiple steps at different polishing stations 50, and 
the steps are substantially equivalent. In the simplest 
case, the same type of polishing pad and the same slur- 
ry are used at the three polishing stations 50a, 50b, and 
50c. As will be described in more detail below, a wafer so 
head 110 carries a wafer to each polishing station in se- 
quence, and one-third of the total polishing is performed 
at each polishing station. 

A motivation for the in-line polishing system arises 
from the heed to condition a pad before a complete pol- 55 
ishing operation is completed. Polishing pads tend to 
become glazed during polishing. As schematically illus- 
trated in the graph of FIG. 3, the polishing removal rate 



begins at a high level for a new or freshly conditioned 
pad. but the removal rate decreases with cumulative 
polishing time for the pad. To achieve high throughput, 
the pad is conditioned before the removal rate falls to 
too low a level. The period between conditioning de- 
pends on the polishing pad, the polishing process, and 
the material being removed from the wafer. An important 
use of CMP is planarizing silicon dioxide, a very hard 
material, and up to 2u.m of silicon dioxide may need to 
be removed for some semiconductor fabrication proc- 
esses. If this thickness corresponds to a polishing time 
far down the curve of FIG. 3, then the pad needs to be 
conditioned at least once during the polishing. Since pad 
conditioning often requires the wafer to be removed 
from the pad and the wafer head system to be moved 
away from at least the center of the pad, a break in the 
polishing for pad conditioning can be used to move the 
wafer to another equivalent polishing station. 

A yet further motivation for the in-line process is that 
the loading, unloading, and washing being performed at 
the transfer station 70 constitute an overhead time for 
the process. If this overhead is performed while the wa- 
fer heads are positioned where no polishing is being per- 
formed, polishing throughput is decreased. With the 
three polishing stations 50a, 50b, and 50c and the trans- 
fer station 70 arranged at equivalent positions around 
the carousel 90, the overhead at the transfer station 70 
can performed while three wafers are being polished. 
The overhead is thus reduced to the time required to 
move a wafer between the polishing stations and be- 
tween them and the transfer station. 

A further advantage of the in-line process in dividing 
up the polishing between equivalent polishing stations 
is that irregularities in particular polishing stations tend 
to average out over the different polishing stations. 

The multi-step process divides a polishing process 
into multiple and different steps, typically with gradated 
polishing. For example, the first polishing station 50a 
may perform a rough polish on the wafer, the second 
polishing station 50b may perform a fine polish, and the 
third polishing station 50c may buff the wafer. Buffing is 
a very gentle polish which primarily removes extraneous 
loose matter from the surface. The intensity of polishing 
may be varied by the slurry composition, pad material, 
and other polishing parameters. Of course, the invention 
provides for an integrated multi-step process with low 
overhead. However, the multi-step process has inherent 
throughput problems because not all three polishing 
steps require the same time. Usually, the rough polish 
requires significantly more time than the fine polish or 
buffing. Therefore, system throughput is limited by the 
rough polish while the other two polishing stations may 
lie idle for bng periods. Similar scheduling problems ex- 
ists when the different polishing stations are being used 
for different steps of the polishing process, for example, 
the previously mentioned polish directed to silicon diox- 
ide followed by a polish directed to a metal layer. 

The batch process completely polishes multiple wa- 
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fers at respective polishing stations. In the apparatus of 
FIG. 1 , the same type of pad is mounted at and the same 
type of slurry supplied to the three polishing stations 
50a, 50b, and 50c, and each wafer is completely pol- 
ished at one polishing station. That is, three unpolished s 
wafers are simultaneously presented to the three pol- 
ishing stations. The operations at the transfer station 
present a high overhead in a batch process, but the ap- 
paratus of FIG. 1 at least allows the loading, unloading, 
and washing of one wafer to be performed while polish- to 
ing is on going with the similar operations for the other 
two wafers necessarily interrupting polishing. 

The distinctions between in-line, multi-step, and 
batch processes are not clearly defined, and a chosen 
process may have aspects of more than one. For exam- is 
pie, two of the polishing stations 50a and 50b may be 
used for equivalent in-line or batch polishing, and the 
third polishing station 50c for a multi-step fine polish or 
buff. As will be described later, the three intermediate 
wash stations 80a, 80b, and 80c can be used for a short 20 
buffing, wafer washing, or even light polishing step. In 
this situation, batch processing for the polishing stations 
becomes more feasible with a higher utilization of the 
expensive parts of the apparatus. 

The invention provides a significant process advan- 2s 
tage in allowing overcenter polishing, that is, the wafer 
40 can be swept across the center of the rotating pol- 
ishing pad 54. Polishing using a rotating wafer 40, a ro- 
tating pad 54, or a combination thereof suffers from an 
inherent non -uniformity. Namely, as illustrated in FIG. 4, 30 
both the wafer 40 and the pad 54 are rotating about their 
respective centers 40a and 54a. Polishing removal rates 
are usually proportional to the relative velocity between 
the wafer 40 and pad 54, and the velocity of a rotating 
object increases with the radius. Therefore, the outer 3S 
portion of the rotating wafer 40 will be polished more 
quickly than its inner portion. Similarly, the outer portion 
of the pad 54 polishes the wafer more quickly than does 
the inner portion of the pad. The divisions of the wafer 
40 and pad 54 into two zones is overly simplistic since 40 
there is a continuous gradation. To reduce these inher- 
ent non-uniformities, the sweep pattern and timing of the 
wafer 40 over the pad 54 can be optimized, as has been 
disclosed by Tolles et al. in U.S. Patent Application, Se- 
rial No. 08/497,362, filed June 30, 1995. The ability to 45 
sweep the wafer 40 over the center 54a of the pad to a 
position 40c on the other side of pad center 54a provides 
another degree of freedom in the optimization. The ad- 
ditional degree of freedom from over-center polishing 
has not been typically available in commercially availa- so 
ble wafer polishing systems. 

The in-line process will now be described in detail 
because of its importance. Figures 5A, 5B, 5C, 5D, 5E, 
and 5F show a sequence of six phases between which 
the carousel 90 rotates. The description begins with the ss 
insertion of a wafer (W) and continues with the subse- 
quent movement of wafer head systems 100a, 100b, 
1 00c, and 1 0Od supported on the carousel support plate 



906 of the carousel 90. 

As shown for the first phase in FIG. 5 A, a first wafer 
W#1 is loaded from the loading apparatus 30 to the 
transfer station 70, which and loads the wafer into a wa- 
fer head 110, e.g., that of the wafer head system 100a. 
The carousel 90 is then rotated counter-clockwise on 
the supporting center post 902 so as to position the first 
wafer head system 1 00a and its wafer W#1 over the first 
polishing station 50a, as shown for the second phase 
stage in FIG. 5B. The polishing station 50a there per- 
forms a first-stage polish of the wafer W#1. While the 
first polishing station 50a is polishing the first wafer W#1 , 
a second wafer W#2 is being loaded from the loading 
apparatus 30 to the transfer station 70 and from there 
to the second wafer head system 100b, now positioned 
over the transfer station 70. 

After the completion of the second phase of FIG. 
5B, the carousel 90 is again rotated counter-clockwise 
so that, as shown for the third phase in FIG. 5C, the first 
wafer W#1 is positioned over the second polishing sta- 
tion 50b and the second wafer W#2 is positioned over 
the first polishing station 50a. The third wafer head sys- 
tem 100c is positioned over the transfer station 70, from 
which it receives a third wafer W#3 from the loading sys- 
tem 30. During the third phase of FIG. 5C, both wafers 
W#1 and W#2 are being polished at respective stations 
50a and 50b. To enter a fourth phase, as illustrated in 
FIG. 5D, the carousel 90 again rotates counter-clock- 
wise by 90° so as to position wafer W#1 over the third 
polishing station 50c, the second wafer W#2 over the 
second polishing station 50b, and the third wafer W#3 
over the first polishing station 50a while the transfer sta- 
tion 70 receives a fourth wafer W#4 from the loading 
apparatus 30. After the completion of the polishing of 
the third phase during which the first wafer W#1 re- 
ceived a third-stage polish, the second wafer W#2 re- 
ceived a second-stage polish, and the third wafer W#3 
received a first-stage polish; the carousel 90 is again 
rotated. However, rather than being rotated counter- 
clockwise by 90°, the carousel 90 is rotated clockwise 
by 270° in order to avoid the need to use rotary cou- 
plings and to allow simple flexible fluid and electrical 
connections to the carousel 90 through flexible but con- 
tinuous lines. This equivalent rotation, as illustrated in 
FIG.5E, places the first wafer W#1 overthe transfer sta- 
tion 70, the second wafer W#2 over the third polishing 
station 50c, the third wafer W#3 over the second polish- 
ing station 50b, and the fourth wafer W#4 over the first 
polishing station 50a. While the other wafers W#2, W#3, 
and W#4 are being polished, the first wafer W#1 is 
washed at the transfer station 70 and is loaded from the 
first wafer head system 100a back to the loading appa- 
ratus 30 and thence back to its original location in the 
cassette 42, and a fifth wafer W#5, as illustrated in FIG. 
5F is loaded onto the first wafer head system 1 00a. After 
this phase, the process is repeated with a 90° counter- 
clockwise rotation. 

This description has not included the processing se- 
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quence in which the carousel stops with the wafer heads 
located between platens at the intermediate washing 
stations to rinse the wafers between polishing stages or 
after completion of polishing. 

This description is applicable both to a multi-step 5 
polishing system or to an in-line process involving sub- 
stantially similar polishing at the different stations. In the 
multi-step system, the multiple stages of polishing in- 
volves progressively finer polishing or polishing directed 
to different layers by means of variations of the pad 10 
structure or slurry composition. In the in-line process, 
each of the multiple polishing stations performs sub- 
stantially similar polishing on the same wafer and for a 
substantially equal time. The in-line process is advan- 
tageous in that the overhead time per wafer associated is 
with loading and unloading is reduced by the multiplicity 
of polishing stations. Also, any non-uniform polishing in- 
troduced by one polishing station is likely to be averaged 
out by the other polishing stations. 

Figures 5A, 5B, 5C, and 5D show further details of 20 
the movement of the carousel 90 between the positions 
of FIGS. 5D and 5E. In FIG. 6A, the second, third, and 
fourth wafers W#2, W#3, and W#4 are being polished 
as their juxtaposed pads 54 and platens 52 are rotating 
while the first wafer W#1 is being washed at the transfer 25 
station 70. In FIG. 6B, the first wafer W#1 is loaded back 
to its cassette 42, and in FIG. 6C a fifth wafer W#5 is 
loaded from its cassette 42 to the transfer station 70, at 
which it is washed. All this time, the other three wafers 
W#2, W#3, and W#4 continue to be polished. In FIG. 30 
6D, the carousel 90 rotates by about 45° so that the sec- 
ond, third, and fourth wafers W#2, W#3, and W#4 lie 
over respective intermediate washing stations 80c, 80b, 
and 80a. In a process to be described more fully later, 
the two wafer head systems 1 00b, 1 00c, and 1 0Od step- 35 
wise rotate their respective wafers over the associated 
washing stations 80a, 80b, and 80c so as to rinse any 
residual slurry and debris from a former polishing station 
50 so as to not contaminate a subsequent polishing sta- 
tion 50. A further washing station 80 may be positioned 40 
between the transfer station 70 and the first polishing 
station 50a to rinse the wafer prior to polishing. Thispre- 
rinse can be performed without any additional overhead 
time over that already consumed by the intermediate 
washing stations 80a and 80b. After rinsing, the next «s 
carousel rotation of 45° is completed and polishing con- 
tinues. 

The various subsystems will now be described in 
more detail. 

so 

Carousel 

Figure 7 shows an exploded view of the carousel 
90 in which the quarter outer covers 908 has been re- 
moved. The center post 902 supports the large, thick $5 
(approx. 2-%" (6cm)) carousel support plate 906 (pref- 
erably made of aluminum). The carousel support plate 
906 and most of the structure of the carousel 90 is ar- 



ranged in the shape of a cross with four arms fixed at 
equal angular intervals 90° for the four-head configura- 
tion. The carousel support plate 906 includes four open- 
ended slots 910 extending radially and oriented 90° 
apart; FIG. 2 shows instead a lower cover having a 
closely related closed-end slot 948. The top of the car- 
ousel head support plate 906 supports a set of four 
paired slotted wafer head support slides 908, also 
shown in the top plan view of FIG. 8 and the side cross 
section of FIG. 9. The slides 908 are aligned with and 
slide along the respective slots 910 in the carousel sup- 
port plate 906 to freely move radially with respect to the 
center of the carousel support plate 906. Each slide 908 
is supported by a linear bearing assembly 912, two of 
which bracket the slot 906. Each linear bearing assem- 
bly 912, as shown in cross section in FIG. 9, includes a 
rail 914 fixed to the carousel support plate 906 and two 
linear guides 916 (only one of which is illustrated on 
each side) with ball bearings 917 rolling in between the 
grooves of the rail 914 and guides 916. Although not 
distinctly illustrated, two linear guides 916 are mated 
with each rail 91 4 to provide free and smooth movement 
between them. The linear bearing assemblies 912 per- 
mit the slides 908 and whatever is attached thereto to 
freely move along the slots 910 in the carousel support 
plate. As shown in the top plan view of FIG. 8, a bearing 
stop 917 is anchored to the outer end of one of the rails 
91 4 to act as a safeguard to prevent the slide 908 from 
accidentally coming off the end of the bearing rails 914. 

As shown in the top plan view of FIG. 8 and the 
cross section of FIG. 9, one side of each slider 908 con- 
tains an unillustrated recirculating ball threaded receiv- 
ing cavity (or nut) fixed to the slide 908 near its medial 
end. The threaded cavity or nut receives a lead screw 
918 driven by a motor 920, the sweep motor, mounted 
on the carousel support plate 906. Turning the lead 
screw 918 causes the slide 908 to move radially. The 
four sweep motors 920 are independently operable, as 
illustrated best in the top plan view of FIG. 8, thereby 
enabling separate movement of the four slides 908 
along the slots 910 in the carousel support plate 906. 

An optical position sensor is attached to a side of 
each slide 908, as illustrated at the lower left of FIG. 8. 
A position flag 924 having a horizontally extending fin 
926 is attached to the worm side of each slide 908. An 
optical sensor 928 in conjunction with the position flag 
924 provides center position sensing of the sweep motor 
920. The sensor 928 is fixed to the carousel support 
base 906 at a height such that the fin 926 passes 
through the trigger gap of the sensor 928. Further, it is 
fixed at a linear position along the slot 910 and has 
length such that the fin 926 obstructs trigger gap of the 
optical sensor 928 for one-half of its travel, for example, 
center to innermost position and does not obstruct it 
from the center to outermost position. The transition at 
the center calibrates the system. Although the slide po- 
sition is nominally monitored by the input to the slide 
motor 920 or an encoder attached thereto, such moni- 
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toring is indirect and accumulates error. The optical po- 
sition sensor calibrates the electronic position monitor- 
ing and is particularly useful for determining the slide 
position when there has been a power outage or similar 
loss of machine control. In the recovery phase, the pres- s 
ence or absence of an optical signal immediately indi- 
cates the direction of movement required to pass the 
center calibration point. This optical sensor is presented 
in detail and presents only one of many optical sensors 
used in the polishing system of the invention to safe- 10 
guard against overshoot and to enable recalibration, es- 
pecially in case of loss of power. Such sensors are at- 
tached to almost every movable part of the system 
whose absolute position is important. 

As illustrated in perspective in FIG. 7 and in cross- is 
section in FIG 9, fixed to each of the four slides 908 is 
a respective wafer head assembly 100, each including 
the wafer head 110, the wafer head motor 1012 and a 
head rotation drive shaft 1014 with a surrounding non- 
rotating shaft housing 1015 connecting the two, as well 20 
as several other parts to be described later. Each wafer 
head assembly 110 can be assembled away from the 
polishing apparatus 20, slid in its untightened state into 
the slot 910 of the carousel support plate 906, between 
the arms of the slide 908, and onto the rails 914, and 25 
there tightened to grasp the slide 908. 

WAFER HEAD 

Any of a number of different types of wafer heads 30 
can be used with the invention, for example, the one de- 
scribed by Shendon in U.S. Patent 5,205,082, incorpo- 
rated herein by reference. 

Diamond Wafer Head 35 

Another exemplary head 110, schematically illustrat- 
ed in cross section at the bottom of FIG. 9 and referred 
to generally as the diamond head, is the subject of U.S. 

Patent Application Serial No. (AMAT 40 

Docket #1129) filed concurrently herewith by Zuniga et 
al. and entitled "Carrier Head Design for a Chemical Me- 
chanical Polishing Apparatus, 0 incorporated herein by 
reference. This head 110 includes a downwardly facing 
bowl member 1110 of generally cylindrical form and a 45 
floater member 1112 generally fit within the central cavity 
of the bowl member 1110. The floater member 1112 in- 
cludes on its lower side a wafer receiving recess 1115 
surrounded by a retaining ring 1 116 to define the recess 
1114 into which the wafer 40 to be polished is fit. The re- so 
taining ring 1116 may be fixed, as illustrated, to the floater 
member 1 1 1 2 or may be flexibly connected to the floater 
member 1112 or to the bowl member 1110 through an 
elastic connection which tends to urge the retaining ring 
1116 into contact with the polishing surface of the polish- ss 
ing pad 54. The retaining ring 1116 also prevents the wa- 
fer from sliding out sideways from under the wafer head 
110 during polishing. In one configuration, a central shaft . 



bushing assembly 1118 keeps the floater member 1112 
in alignment with the bowl member 1110. Misalignment 
of the wafer receiving portion and the rest of the head has 
been a problem in the past. A bushing 1 1 20 fit into a cen- 
tral aperture at the top of the floater member 1112 re- 
ceives a central shaft 1130 extending downwardly from 
the top of the bowl member 1 1 1 0 to thereby allow vertical 
movement between the bowl member 1110 and the float- 
er member 1112 while maintaining them in horizontal 
alignment. 

A flexible seal connects the floater member 1 1 1 2 to 
the bowl member 1110 of the wafer head 110. Such a 
seal creates a fluid-tight cavity 1 1 32 at the back of the 
floater member 1112 while still allowing free relative ver- 
tical movement between the bowl and floater members 
1110 and 1112. The seal may also be used to provide 
circumferential torque between the bowl and floater 
members 1110 and 1112 so as to keep them generally 
circumferentiaily aligned. An example of a flexible seal 
is a rolling seal 1134 generally comprising an annular 
strip of elastomeric material that is sealed between the 
inside of the bowl member 1110 and the floater member 
1 1 1 2 of the wafer head 1 1 0 as the bowl and floater mem- 
bers 1110 and 1112 move relative to each other. In this 
movement, the elastomeric strip of the rolling seal 1134 
rolls over while maintaining a seal without interfering 
with adjacent pieces or adding a vertical force compo- 
nent between the bowl and floater members 1110 and 
1112. 

3C Wafer Head 

Yet another exemplary head 110*, illustrated in 
cross section in FIGS. 11 and 1 2 and referred to as the 
3C head. Shendon et al. disclose such a head in U.S. 
Patent Application. Serial No. 08/488,921 , filed June 9, 
1995. 

Referring now to FIG. 11, the internal structure of 
the 3C wafer head 110' is shown in detail. Preferably, 
the head 110' includes a bowl member 1160 having a 
downwardly facing recess 1162 therein, and within 
which a carrier plate 1164 is received. To connect the 
head 1 10* to the head drive shaft 1014, the bowl member 
1160 includes an upwardly extending, externally thread- 
ed, boss 1 1 66 and the shaft 1 01 4 terminates against the 
raised boss 1166. A cup-shaped perimeter nut 1168, 
having a downwardly extending, internally threaded lip 
1 1 70 and a central recess 1 1 72 in the nut 1 1 70 secures 
the head drive shaft 1014 to the bowl member 1160. The 
end of the shaft 1014 extends through the nut recess 
1172, and a snap ring 1174 is placed into a snap ring 
bore located adjacent to the end of the shaft 1014 after 
the shaft end is extended through the nut bore 1172. 
The snap ring 1 1 74 prevents retraction of the shaft 1 01 4 
from the nut bore 1172. The cup-shaped perimeter nut 
11 68 is then locked over the boss 1 1 66 by threading the 
lip 1 1 70 over the externally threaded surface of the boss 
1166, thereby trapping the snap ring 1174 between the 
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cup-shaped perimeter nut 1168 and the bowl member 
1 160. To rotationally lock the head drive shaft 1014 and 
the bowl member 1160, the shaft 1014 includes a key- 
way 1 1 76 extending inwardly of its lower end, and the 
boss 1 1 70 also includes a keyway 1 1 78, which aligns 
with the shaft keyway 1176 when the shaft 1014 is re- 
ceived in the perimeter nut 1170. A key extends between 
the two keyways 1176 and 1178. Alternatively, a pin 
1180 may be inserted into respective holes in the boss 
1 1 66 of the bowl member 1 1 60 and the head drive shaft 
1014. 

The bowl member 1160 provides a substantially 
vertically fixed, rotationally movable, reference surface 
from which the substrate 40 is loaded against the pol- 
ishing surface. In the preferred embodiment of the in- 
vention as shown in FIG. 11 , the substrate loading is 
accomplished by selectively positioning the carrier plate 
1 1 64 vertically with respect to the reference surface pro- 
vided by the bowl member 1160 by means of a primary, 
upper biasing chamber 1 182 and a secondary, lower bi- 
asing chamber 1 1 84. Preferably, the central recess 1 1 62 
is defined within the boundaries of the bowl member 
1 1 60, which in the preferred embodiment is a one-piece 
member, having an upper, horizontally extending plate- 
like portion 1 1 86 and a downwardly extending rim 1 1 88. 
The carrier plate 1 1 64 is received within the recess 11 62 
and is extensible therefrom to locate a substrate re- 
ceived thereon against a polishing surface. 

To enable selective positioning of the carrier plate 
1164 in the recess 1162, the primary biasing chamber 
1 1 82 includes a bellows 1 1 90, which extends between 
the underside of the upper plate 1 1 86 and the upper sur- 
face of the carrier plate 1164. These bellows 1190 are 
sealed at their connection to the carrier plate 684 and 
the upper plate 1186 of the bowl member 1160, and 
these connections are also of sufficient strength to sup- 
port the mass of the carrier plate 1 1 64 hanging from the 
bowl member 1 1 60 without separation. Preferably, a bel- 
lows cavity 1192 is formed within a removable bellows 
insert 1 1 94, which includes an upper bellows plate 11 96 
and a lower bellows plate 1198 between which the bel- 
lows 1190 extend. The bellows 1190 are affixed to the 
plates 1196 and 1198 to create the removable bellows 
insert 1194. To affix the bellows insert 1194 to the bowl 
member 1160 and to the carrier plate 1164, a plurality 
of unillustrated bolts extend through the rim of the lower 
bellows plate 11 98 and into the top of the carrier plate 
1164, and a plurality of unillustrated bolts extend 
through the plate-like portion of the bowl member 1160 
and into threaded holes in the upper bellows plate 1196. 

The secondary loading assembly 11 84 of the wafer 
head 110' includes a bow chamber 91 02 which is formed 
within the carrier plate 684. The bow chamber 9102 is 
a sealable cavity having a thin, generally planar mem- 
brane 9104 against which a conformable material 9106, 
such as a piece of polishing pad material, may be locat- 
ed to form a conformable substrate receiving surface for 
the surface of the wafer. 



To polish a substrate using the head 110', a sub- 
strate is loaded against the material 9104 covering the 
planar lower surface 9104. The head 110' is then posi- 
tioned over one of the polishing pads 54, and the bellows 
s cavity 1 1 92 is pressurized to enlarge itself to thereby bi- 
as the carrier plate 1164 toward the polishing surface 
and thereby load the substrate against it. To vary the 
pressure between the center and the edge of the sub- 
strate, the bow chamber 9102 is pneumatically pressu- 
10 rized. The positive pressure will bend the planar mem- 
brane 91 04 outwardly, and the center of the planar sur- 
face will extend furthest outwardly in a convex structure 
to increase the loading between the substrate and the 
polishing surface near the center of the substrate. Neg- 
is ative pneumatic pressure, on the other hand, tends to 
create a concave structure. 

Referring still to FIG. 11, the head 110' also prefer- 
ably includes a retainer ring 9110, which, during polish- 
ing, extends into contact with the polishing surface and 

20 which is otherwise retractable inwardly and upwardly of 
the head 110'. In this embodiment of the head 110*. the 
ring 9110 is an annular member having a planar base 
9112 on which a replaceable contact ring 9114 is fixed, 
and it further includes an outwardly extending annular 

2S ledge portion 9 11 6. The bowl member 1 1 60 includes an 
inwardly extending annular ledge 9118, which extends 
below the surface of the outwardly extending ledge por- 
tion 91 16 of the retainer ring 91 10. To secure the retainer 
ring 9110 within the recess 1162 of the bowl member 

30 1160, a plurality of compressed springs 91 20 extend be- 
tween the inwardly extending ledge 91 1 8 and the under- 
side of the outwardly extending ledge 9116. These 
springs continuously bias the retainer ring 91 1 0 inwardly 
and upwardly of the bowl member 1160. To project the 

35 retainer ring 9110 downwardly out of the bowl member 
1160, and to vary and control the extent of projection, 
an inflatable toroidal bladder 91 22 extends between the 
upper surface of the outwardly extending ledge 9116 of 
the retainer ring 9110 and the underside of a middle 

40 ledge 9124 of the bowl member 1160 about the entire 
circumference of the retainer ring 9110. When the blad- 
der 9122 is. evacuated, as shown in FIG. 8, through 
structure similar to a stem on a tire tube, the retainer 
ring 91 10 is retracted inwardly and upwardly of the head 

45 no'. When the bladder 1188 is positively pressurized, 
the bottom of the retainer ring 9110 extends downwardly 
from the head 110\ as shown in FIG. 12. The bladder 
1188 may be replaced by two annular bellows of either 
rubber or metal defining an annular cavity between 

50 them. 

Figure 11 additionally shows vertical passages 
9130, 9132, 9134, 9136, and 9138 extending along the 
drive shaft 1014 and sealed to various passages in the 
head 110' to selectively supply vacuum, pneumatic 
55 pressure or fluid to elements of the head. The vertical 
passage 91 30 connects via side passage 91 40 and ver- 
tical passage 9142 to the bladder 9122. The vertical 
passage 9132 connects via side passage 9144 to the 
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area between the bellows insert 1182 and the retaining 
ring 9110. The vertical passage 9134 connects via pas- 
sage 9146 to the bellows cavity 1192. The vertical pas- 
sage 9 1 36 connects via passage 9 1 48 to the bow cham- 
ber 9102. The vertical passage 938 connects via side 
passage 91 50 and vertical passage 91 52 to a port 91 54 
at the bottom surface 9106 of the membrane 9104 so 
as to selectively hold and eject wafers in and from the 
head 110'. 

3C3 Wafer Head 

Figure 1 2A shows an alternate embodiment of a wa- 
fer head 110", referred to the 3C3 head, which is a mod- 
ification of the 3C wafer head 110' of FIGS. 11 and 12. 
The 3C3 wafer head 1 1 0" comprises three major assem- 
blies: a base assembly 9202, a housing assembly 9204, 
and a retaining ring assembly 9206. A bellows system 
9208 is positioned between the housing assembly 9204 
and the base and retaining ring assemblies 9202 and 
9206. Each of these assemblies is explained in detail 
below. 

The base assembly 9202 applies a load to the wafer 
40; that is, it pushes the wafer 40 against the polishing 
pad 54. The base assembly 9202 can move vertically 
with respect to housing assembly 9204 to carry the wa- 
fer to and from the polishing pad. The bellows system 
9208 connects the housing assembly 9204 to the base 
assembly 9202 to create an annular primary pressure 
chamber 9210 therebetween. Fluid, preferably air, is 
pumped into and out of the primary pressure chamber 
9210 to control the load on the wafer 40. When air. is 
pumped into the primary pressure chamber 9210, the 
pressure in the chamber increases and the base assem- 
bly 9202 is pushed downwardly. 

The bellows system 9208 also connects the hous- 
ing assembly 9204 to the retaining ring assembly 9206 
to create an annular secondary pressure chamber 921 2. 
Fluid, preferably air, is pumped into and out of the sec- 
ondary pressure chamber 9212 to control the load on 
the retaining ring assembly 9206. 

As explained below, the housing assembly 9204 is 
connected to and rotated by the drive shaft 1084. When 
the housing assembly 9204 rotates, the bellows system 
9208 transfers torque from the housing assembly 9204 
to the base assembly 9202 and the retaining ring as- 
sembly 9206 and causes them to rotate. 

The base assembly 9202 includes a disk-shaped 
carrier base 9214 having a nearly flat bottom surface 
9216 which may contact the wafer 40. A top surface of 
the carrier base 9214 710 includes a centrally located 
circular depression 9220 surrounded by a generally flat 
annular area 9222. The annular area 9222 is itself sur- 
rounded by a rim 9224. Several vertical conduits 9226, 
evenly spaced about a central axis 9228 of the wafer 
head 110°, extend through the carrier base 9214 from 
the bottom surface 921 6 to the central circular depres- 
sion 9220. 



A generally flat annular plate 9230 rests primarily 
on the annular area 9222 of the cararier base 921 4, with 
the outer edge of the annular plate 9230 abutting the rim 
9224 of the carrier base 9214. An inner portion 9232 of 
s the annular plate 9230 projects over the central circular 
depression 9220. The annular plate 9230 may be at- 
tached to the carrier base 921 4 by bolts 9234 which ex- 
tend through passages in the annular plate 9230 and 
engage threaded recesses in the carrier base 9214. 
10 A stop cylinder 9240 is mounted in a central opening 
9238 in the annular plate 9230. The stop cylinder 9240 
includes a tubular body 9242, a radially outwardly pro- 
jecting lower flange 9244, and a radially outwardly pro- 
jecting upper flange 9246. The lower flange 9244 en- 
15 gages a lip 9248 at the inner edge of the annular plate 
9230 to support the stop cylinder 9240 above the annu- 
lar plate 9230. The gap between the lower flange 9244 
of the stop cylinder 9240, the circular central depression 
9216 of the carrier base 9210, and the inner portion 
9232 of the annular plate 9230 creates a centarl cavity 
9250 in the base assembly 9202. A central channel 
9252 extends vertically through the tubular body 9242 
from the lower flange 9244 to the upper flange 9246 to 
provide access for fluid to the central cavity 9250 and 
the vertical conduits 9226. 

The housing assembly 9204 includes at its top a 
disk-shaped carrier housing 9260. The bottom surface 
of the carrier housing 9260 has a cylindrical cavity 9262. 
The bottom surface also has an inner annular surface 
9264 and an outer annular surface 9266 which may be 
separated by a downwardly projecting ridge 9268. The 
top surface of the carrier housing 9260 includes a cylin- 
drical hub 9270 with a threaded neck 9274 which 
projects above an upwardly facing middle annular area 
9272. A gently sloped section 9276 surrounds the mid- 
dle annular area 9272, and a ledge 9278 surrounds the 
sloped section 9276. 

The housing assembly 9204 also includes below 
the carrier housing 9260 an annular inner plate 9280 
and an annular outer plate 9282. The inner plate 9280 
is mounted to the inner annular surface 9264 on the bot- 
tom of the carrier housing 9260 by a set of bolts 9284, 
and the outer plate 9282 is mounted to the outer annular 
surface 9266 by another set of bolts 9286. The outer 
edge of the inner plate 9280 abuts the ridge 9268 in the 
carrier housing 9260. The inner edge of the inner plate 
9280 projects horizontally under the cylindrical cavity 
9262 to form an inwardly pointing lip 9290 surrounding 
an opening 9292 between it and the stop cylinder 9240. 
The top of the cylindrical cavity 9262 is closed by a ceil- 
ing 9294. The stop cylinder 9240 of the base assembly 
9202 extends through the opening 9292 into the cylin- 
drical cavity 9262, and its upper flange 9246 projects 
horizontally over the lip 9290. 

There are several conduits in the housing assembly 
9204 to provide for fluid flow into and out of the wafer 
head 1 1 0". A first conduit 9300. extends from the bottom 
surface of the inner plate 9280, through the carrier hous- 
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ing 9260, and (in an unitlustrated passage) to top of the 
hub 9270. A second conduit 9302 extends from the cy- 
lindrical cavity 762 through the carrier housing 9260 to 
the top of the hub 9270. A third conduit 9304 extends 
from the bottom surface of the outer plate 9282 through s 
the carrier housing 9260 to the top of the hub 9270. O- 
rings 9306 inset into the top and bottom surfaces of the 
hub 9270 surrounds each conduit so as to seal them 
against adjoining members. 

The wafer head 110" may be attached to the drive 10 
shaft 1 084 by placing two dowel pins (not shown) into 
dowel pin holes (not shown) and lifting the wafer head 
so that the dowel pins fit into paired dowel pin holes (not 
shown) in a drive shaft flange 1 084a. This aligns angled 
passages in the drive shaft 1084 to the conduits 9300, is 
9302 and 9304. Then the threaded perimeter nut 1068 
can be screwed onto the threaded neck 9274 to attach 
the wafer head 110" firmly to the drive shaft 1084. 

The bellows system 9208 includes several cylindri- 
cal metal bellows disposed concentrically in the space 20 
between the base assembly 9202 and the housing as- 
sembly 9204. Each bellows can expand and contract 
vertically. An inner bellows 9310 connects the inner 
edge of the inner plate 9280 to the lower flange 9244 of 
the stop cylinder 9240 to seal the upper central cavity 25 
9262 and the central channel 9252 from the primary 
pressure chamber 9210. A pump (not shown) can pump 
air into or out of the vertical conduits 9226 via the second 
conduit 9302, the upper central cavity 9262, the central 
channel 9252, and the lower central cavity 9250 to vac- 30 
uum-chuck or pressure-eject the wafer to or from the 
bottom surface of the wafer head 110". 

An outer bellows 931 2 connects the outer edge of 
the inner plate 92B0 to the annular plate 9230. The ring- 
shaped space between the concentric inner belbws 35 
9310 and outer bellows 9312 forms the primary pres- 
sure chamber 9210. A pump (not shown) can pump air 
into or out of the primary pressure chamber 921 0 via the 
first conduit 9300 to adjust the pressure in the primary 
pressure chamber 921 0 and thus the load that the head 40 
110" exerts on the wafer 40. 

When the primary pressure chamber 921 0 expands 
and the base assembly 9202 moves downwardly with 
respect to the housing assembly 9204, the metal bel- 
lows 9310 and 9312 stretch to accommodate the in- *s 
creased distance between the annular plate 9230 and 
the inner plate 9280. However, the flange 9246 of the 
stop cylinder 9240 will catch against the lip 9290 of the 
housing assembly 9204 to stop the downward motion of 
the base assembly and prevent the bellows from over- so 
extending and becoming damaged. 

The retaining ring assembly 9206 includes an L- 
shaped ring support 9320 with a inwardly directed hor- 
izontal arm 9322 and an upwardly directed vertical arm 
9324. A backing ring 9330 is attached to the top of the ss 
horizontal arm 9322 by bolts 9332. An outer portion 
9333 of the backing ring 9330 abuts the vertical arm 
9324 of the L-shaped ring support 9320, and an inner 



portion 9334 of the backing ring 9330 may project hori- 
zontally over the rim 9224 of the carrier base 9214. A 
flexible seal 9335 connects the retaining ring assembly 
9306 to the carrier base 921 4 to protect the wafer head 
from slurry. The outer edge of the seal 9335 is pinched 
between the the backing ring 9330 and the horizontal 
arm 9322 of the L-shaped ring support 9320, whereas 
the inner edge of the seal 9335 is attached by an adhe- 
sive to the carrier base 9214. A vertically extending 
flange 9336 is attached to the outside of the vertical arm 
9324 of the L-shaped ring support 9320 and forms the 
outer wall of the wafer head 110". The flange 9336 ex- 
tends upwardly to almost touch the carrier housing 
9260. A seal 9338 rests on the ledge 9278 of the carrier 
housing 9260 and extends over the vertically extending 
flange 9336 to protect the wafer head 1 1 0" from contam- 
ination by slurry. A retaining ring 9340 is mounted to the 
bottom surface of the horizontal arm 822 of the L- 
shaped ring support 9320 by unilllustrated recessed 
bolts. The retaining ring 9340 includes a inner, down- 
wardly protruding portion 9342 which will contact the 
polishing pad 54 and block the wafer 40 from slipping 
out from under the base assembly 9202. 

A third cylindrical bellows 9314 connects the inner 
edge of the outer plate 9282 of the housing assembly 
9302 to the inner portion 9333 of the backing ring 9330. 
A fourth cylindrical bellows 9316 connects the outer 
edge of the outer plate 9282 to the outer portion 933 of 
the backing ring 9330. The ring-shaped space between 
the concentric third and fourth bellows 9314 and 9316 
forms the secondary pressure chamber 9212. A pump 
(not shown) can pump air into or out of secondary pres- 
sure chamber 921 2 via the third conduit 9304 to adjust 
the pressure in the secondary pressure chamber 9212 
and thus the downward pressure on retaining ring 9340. 
Because the primary and secondary chambers 9210 
and 9212 are pressurized independently, the base as- 
sembly and retaining ring can be independently actuat- 
ed in the vertical direction. 

Wafer Head Mounting 

Referring now additionally to the enlarged cross 
section of FIG. 10 with particular reference to the dia- 
mond wafer head 110 of FIG. 9 although large parts of 
the discussion are also applicable to the 3C wafer head 
110' of FIG. 11 and the 3C3 wafer head 110of FIG. 12A, 
the vertical polishing force to polish the wafer is supplied 
by pressurized fluid routed to the fluid-tight cavity 1132 
between the bowl and floater members 1110 and 1112. 
The pressurized fluid, which may be air or water, is sup- 
plied to the wafer head 110 though a first axial channel 
1040 (one of four such channels) in the head drive shaft 
1014. A rotary coupling 1042 (to be described later) at 
the top of the shaft above the rotary motor 101 2 couples 
four fluid lines into the shaft channels of the rotating 
shaft 1014. A first angled passageway 1044 formed in 
a shaft flange 1046 of the head drive shaft 1014 con- 
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nects the first shaft channel 1040 to a vertical passage- 
way 1048 in a top hub 1150 of the downwardly facing 
bowl member 1110. The vertical passageway 1148 ex- 
tends down to the fluid-tight cavity between the bowl and 
floater members 1110 and 1 1 1 2 to control the pressure s 
therein. A similar angled passageway 1052 and vertical 
passageway 1054 connect a second shaft channel 1056 
to the interior of the wafer head 110, and like elements 
are provided for the remaining two shaft channels if de- 
sired. Plugs 1058 are placed at the bottom of the bored io 
shaft channels 1040 and 1056 to seal them. Seals are 
placed between the respective angled passageways 
1044 and 1052 in the shaft flange 1046 and the vertical 
passageways 1044 and 1052 in the bowl member 1110 
to confine the fluids contained therein. is 

When the drive shaft 1014 and the wafer head 110 
are placed together, two dowel pins 1060 are placed in 
paired dowel holes 1062 and 1064 in the bowl hub 1050 
and the shaft flange 1 046 to circumferentially align the 
shaft 1 01 4 and bowl member 1110, particularly their fluid 20 
passages. A perimeter 1066 of the bowl hub 1050 is 
threaded, and a perimeter nut 1068 is screwed thereon. 
The perimeter nut 1068 has a lip 1070 that is smaller 
Ihnn the outside diameter of the shaft flange 1046 and 
lit z over the top of the flange 1 046 of the drive shaft 1014 25 
to thoreby clamp and hold the drive shaft 1014 to the 
bowl member 1 1 10 of the wafer head 1 1 0. 

The separate fluid connections can be used for a 
nwmhof of purposes. For example, the passages can be 
uiHi/rd ( 1 ). to route a vacuum or pressurized gas source 30 
t : tfie recess 1115 where the wafer is brought into con- 
u:t v.iihthe wafer head 110 (this is the configuration on 
\t i u ;jh! sioc of FIG. 9 which requires a sliding seal 1072 
v n ouqh the fluid-tight cavity 1 1 32 to a vertical passage- 
vw i> 1074) (2), to route a vacuum or pressurized gas 35 
r>-:.urec to the bowl member 1110 of the wafer head 110 
to control the vertical extension and retraction of the 
ticker member 1 112of the waferhead 110from the bowl 
m omDci 1110 (this is the configuration of both heads 1 1 0 
,md 110*1 (3) to use two passages (a supply and return) 40 
to cif :ulrfte cooling water through the wafer head 110 to 
coniroi the wafer temperature; and (4) if the rotary cou- 
pi nq 1042 permits it, to route electrical lines through the 
cr<irvicls e g., to measure a temperature of the wafer 

hCrlClllO 45 

The lower floater member 1112 of the wafer head 
110 moves vertically relative to the upper fixed bowl 
member 1110 based upon the fluid pressure supplied to 
the sealed cavity 1132 between the former members 
1110 and 1112. Air pressure supplied behind the rolling so 
seal 1034 between the floater member 1112 and the 
bowl member 1110 causes the floater member 1112 to 
descend to contact the polishing pad 54 for polishing the 
wafer 40 mounted in the recess 1 1 1 5 of the floater mem- 
ber 1112. Similarly, when it is desired to raise the wafer 55 
40 to move to the next polishing station or transfer sta- 
tion, vacuum is supplied to the sealed cavity 1132 to 
cause the floater member 1112 holding the wafer 40 to 
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rise. 

As illustrated, the stroke of the floater member 1112 
within the bowl member 1110 is very small, of the order 
of 0.2 inches (5mm), and this is the only vertical motion 
of either the wafer head systems 100, the carousel 90, 
or the polishing stations 50. Such a short stroke is easily 
accommodated within the lower end of the wafer head 
and can be achieved pneumatically. The short stroke is 
a major factor is simplifying the design and reducing the 
cost of manufacturing and operating the polishing sys- 
tem of the invention. 

Head Shield Plates 

The overall design of the wafer head system 100 
requires that it pass through the slot 91 0 of the carousel 
support plate 906 and radially oscillate within that slot 
910. Chemical mechanically polishing is a wet and par- 
ticle-intense operation. The wafer head 110 and asso- 
ciated elements have been carefully designed to ex- 
clude the polishing environment from the interior of the 
head 110. The linear bearing rail assemblies 912 and 
motors 1012 and other equipment above the carousel 
support plate 906 are sensitive to moisture and grit, and 
it would be preferable to design a seal about the point 
where the wafer head assembly 1 00 passes through the 
carousel support plate 906 that would prevent the pol- 
ishing environment from substantially penetrating past 
it. The splash plate assembly to be described now per- 
forms that function. 

As best shown generally in perspective in FIG. 7, a 
splash plate assembly 940 is attached to the underside 
of the carousel support plate 906. The splash plate as- 
sembly 940 prevents polishing slurry, which is abrasive, 
chemically active, and tends to coat everything in its vi- 
cinity with a thin layer of slurry and/or alkaline residue, 
from getting up into the upper portion of the multi-head 
carousel assembly 90 and creating undesired effects 
(such as shorting of electrical connections and contam- 
ination of exposed sliding and rolling metal surfaces). 
The splash plate assembly 940 includes a series of mov- 
ing slot covers which are configured to provide a slot 
splash-guard closure within the range of radial oscilla- 
tion of the wafer head system 100. The closure is ac- 
complished with a horizontal projection that provides a 
splash shield for the slot without a horizontal projection 
substantially longer than the length of oscillation in the 
slot. 

The splash plate assembly 940 attached to the un- 
derside of the carousel support plate 906 includes a cen- 
tral shield plate 942 that can be screwed to the bottom 
side of carousel support plate 906 prior to its assembly 
on the center post 902. The carousel support plate 906 
further includes four outer shield plates 944 which can 
also be screwed to the bottom of the carousel support 
plate 906 in butted sealing juxtaposition to the central 
shield plate 942 when the wafer head systems 100 are 
being fit into the carousel support plate 906. Both the 
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central and outer shield plates 942 and 944 form a rec- 
tangular, round-cornered, elongate recess 946 offset 
from the centerline of each slot's radial axis. An elongat- 
ed, round-cornered splash slot 948 is formed in both the 
central and outer shield plates 942 and 944 at their junc- 
tion. As best shown in the cross section of FIG. 10, both 
the central and outer shield plates 942 and 944 are 
formed with an upwardly extending flange 950 facing 
and surrounding the splash slot 948. As shown in the 
plan views of FIGS. 14A through 14C, the linear axis of 
the splash slot 948 generally follows the axis of the cor- 
responding slot 910 in the carousel support plate 906. 
The rounded portions of the splash slot 948 have an in- 
ner diameter substantially larger than the outer diameter 
of the non-rotating drive shaft housing 1015 that passes 
therethrough, and the linear portion has a length gener- 
ally matching the distance of the radial oscillation range 
of the each wafer head system 100. 

As best shown in perspective in FIG. 7, a D-shaped 
splash follower 952 has one convexly curved edge and 
a second substantially straight or less curved edge 
smoothly joined to each other. The splash follower 952 
includes a circular hole 954 disposed near its curved 
edge. The drive shaft housing 1015 is rotatably fitted in 
this hole 954, as will be described shortly, to allow the 
D-shaped splash follower plate 952 to rotate as the wa- 
fer head 110 and attached drive shaft housing 1015 os- 
cillate along the slot 910 of the carousel support plate 
906. Each D-shaped plate 952, as best shown in the 
cross section of FIG. 1 0, has a downwardly facing flange 
956 along the entirety of its outside perimeter. The flang- 
es 950 and 956 of the central and outer splash plates 
942 and 944 and of the splash follower 952 are generally 
of the same length and facing respectively up and down 
at the edges of the stationary and moving shield pieces. 
When assembled, the flanges 950 and 956 and the flat 
bottoms of the opposed pieces 942, 944, and 952 are 
separated by gaps of about 0.064", (2.15mm). The 
flanges 950 and 956 thus create a generally tortuous 
labyrinthine path to prevent slurry splashed toward the 
slots 910 from passing from the slurry side of the carou- 
sel support plate 906 through the slots 91 0 and into the 
motors and bearings located inside the carrier assembly 
cover 908. 

As best shown in the cross section of FIG. 1 0, each 
D-shaped splash plate 952 is rotatably fixed to a splash 
flange 960 formed on the outside of the shaft housing 
1015. A perimeter skirt 962 is fitted to the lower end of 
the drive shaft housing 1015 and has an upwardly ex- 
tending portion 964 including a ledge 966 which presses 
the internal race of a splash shield bearing 968 against 
the splash flange 960 of the drive shaft housing 1015. 
The outside race of the bearing 968 is clamped tightly 
from the bottom by an inwardly extending flange 970 of 
the D-shaped splash follower 952 and from the top by 
a collar assembly 972 of two or more pieces and by 
screws 974 which clamp the bearing 968 to the flange 
970 of the splash follower 952. The collar 972 overlaps, 



but does not touch the top of the splash shield flange 
960 on the shaft housing 1015. 

The D-shaped splash follower 952 is attached to the 
bearing 968 to be thereby held firmly, but rotates freely 
s relative to the shaft housing 1015. The D-shaped splash 
follower 952 has a vertical (pivot) pin 976 fixed to its top. 
This vertical pin 976 has a roller bearing 978 attached 
to its upper end that is guided within a horizontal guide 
groove 980 formed in the bottom of the carousel support 
10 plate 906. As shown in the perspective view of FIG.8 
and in the plan views of FIGS. 14A through 14C, the 
pivot pin 976 is disposed on the medial line of splash 
follower 952 between the circular hole 954 and the flat 
edge of the D-shaped splash follower 952. The outside 
is of the roller bearing 978 rides in the horizontal guide 
groove 980 on the bottom of the carousel support plate 
906, which extends to or almost to the radial slot 910 in 
the carousel support plate 906 but is angularly offset 
from it. Preferably, the guide groove 980 is perpendicu- 
20 |ar to the radial slot 910. 

As the shaft 1014 and shaft housing 1015 radially 
oscillate in the carousel support plate 906 to move the 
wafer head 110. the center hole 954 of the splash fol- 
lower 952 follows the shaft housing 1015. This motion 
25 also moves the pivot pin 976 on the splash follower 952 
whose direction of motion is restricted to the perpendic- 
ular direction as it follows the guide groove 980 in the 
carousel support plate 906. The splash follower 952 is 
thereby caused to rotate as it is held in alignment be- 
30 tween the shaft housing 1015 and the pivot pin 976. The 
oscillatory motion of the shaft housing 101 5 thus causes 
a corresponding oscillatory and partially orbital motion 
in the D-shaped splash follower 952. 

The motion of the D-shaped shield plate 688 can be 
35 seen in the top views of FIGS. 14A, 14B, and 14C. As 
the wafer head 110 moves from an innermost position 
to an outermost position along the slot 910 of the car- 
ousel support plate 906, that is, as the drive shaft hous- 
ing 1015 moves along the slot 910, the guide groove 
40 980 constrains the pivot pin to move perpendicularly to 
the slot 910 and to thus cause the splash follower 952 
to partially orbit the drive shaft housing 1 01 5 as it follows 
it in the slot direction. 

The D-shaped splash follower 952 orbits as it is con- 
45 strained between two points, the central axis of the drive 
shaft housing 1015 and the central axis of the vertical 
pivot pin 978. As the drive shaft housing 1015 oscillates, 
the D-shaped splash follower moves with the drive shaft 
housing 1015. The pivot pin 976 also moves under the 
50 influence of the drive shaft housing 1 01 5, but instead of 
moving radially in the radial slot 910, as does the drive 
shaft housing 1 015, it moves in the perpendicular guide 
groove 980 of the carousel support plate 906. Since the 
splash follower 952 is connected to the drive shaft hous- 
es ing 1015 through a ball bearing 968 and the pivot pin 
976 of the splash follower 952 is connected the guide 
groove 964 of the carousel support plate 906 through a 
roller bearing 978, there is no sliding contact between 
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pieces which could generate metal particles which could 
fall on wafers being polished and damage them. In all 
positions, the slot 910 is covered by the orbiting splash 
follower 952 and direct splashing of the slurry through 
the slot is prevented. Nonetheless, the splash follower 
952 has an operating span that is less than if it did not 
orbit about the drive shaft housing 1014. 

The motion of the splash plate assembly 940 and 
particularly the motion of the D-shaped splash follower 
952 are shown in three longitudinal cross-sectional 
views of FIGS. 15A, 15B, and 15C taken along the axis 
of the slot 91 0 of the carousel support plate 906, in three 
axial cross-sectional views of FIGS. 16A, 16B, and 16C, 
and in three perspective views of FIGS. 17A : 17B, and 
17C. Like-lettered figures in these three sets correspond 
to the plans views of FIGS. 14A, 14B, and14C, respec- 
tively. In the perspective views, the pivot pins 976 on the 
top of the splash follower 952 is shown engaging the 
guide groove 980 of the otherwise unillustrated carousel 
support plate 906. 

FIGS. 10A, 10B, and 10C clearly show the pivot pin 
976 moving from an inward position, to an outward po- 
sition, and again to the inward position within the guide 
groove 980 as the drive shaft housing 1015 moves from 
the radially innermost position of FIG. 16 A, to a median 
position of FIG. 16 B, to a radially outermost position of 
FIG. 16C. Especially, FIGS. 16A, 16B, and 16C show 
that the splash follower 952 always covers the closed 
slot 948 formed in the central and outer splash plates 
942 and 944 which is the principal path from the polish- 
ing area to the back of the carousel support plate 906. 
The plan views of FIGS. 14A, 14B, and 1 4C and the per- 
spective views of FIGS. 17A, 17B, and 17C show that 
the closed slot 948 is covered by a mechanism that 
takes up a minimum of radial space along the central 
and outer splash plates 942 and 944 and thus along the 
radial slot 910 of the carousel support plate. Thereby, 
the size of the mechanism is reduced with an accompa- 
nying reduction in the footprint of the polishing system. 

Both sets of side-view figures shows that the flange 
950 extending upwardly from the central and outer 
splash plates 942 and 944 and the flange 956 extending 
downwardly from the splash follower 952 always create 
a labyrinthine path for moisture and particles attempting 
to penetrate to the back of the carousel support plate 
906. 

Rotary Union 

The rotary union 1 042 of FIG. 9 can be achieved by 
commercially available units. However, a preferable, 
novel rotary union 21 00 is illustrated in cross section in 
FIG. 13. The spindle shaft 1014 above the wafer head 
motor 1012 contains four vertical channels, only two 
such channels 1040 and 1056 being illustrated. At its 
upper end, above the rotary motor 1012, it is joined to 
a spindle 2114 having four similar vertical passages 
21 1 6 aligned to those of the spindle shaft 1 01 4 by a dow- 



el 21 1 8 at the lower end of the spindle 2114 and sealed 
thereto by unillustrated O-rings in recesses 2120. A 
quick-disconnect clamp 2122 joins the spindle 2114 to 
the spindle shaft 1014. Both the spindle shaft 1014 and 
5 the spindle 2114 are rotating with the wafer head 110. 
A anti-rotation plate 2134, on the other hand, is fixed to 
some point on the assembly, such as the casing of the 
wafer head motor 1012. 

A rotary assembly 2140 comprises four vertically 
10 stacked and separable sections 2142a, 2142b : 2142c, 
and 2142d, principally composed of respective annular 
rotary members 21 43a, 2143b, 21 43c, and 2143d. Each 
rotary member 2143a through 2143d includes a tapped 
hole 2144 to be threaded with a male threaded end of 
15 a detachable connector for a fluid line or other line. This 
design is easily integrated with a section providing one 
or more electrical connections down through the spindle 
21 1 4 in which a radial spring-loaded contact slides on a 
circumferential commutator rotating on the spindle 
2114. Each tapped hole 2144 is connected by a radial 
passageway 2146 to an annular manifold 2148 sur- 
rounding the spinning spindle 2114. The rotary seal be- 
tween the sections 2142a-2142d and the spindle 1014 
is accomplished by flanget shaft seals 21 50. Each such 
flanget shaft seal 2150 is an annular elastic U-shaped 
member 21 50, with the bottom of the U oriented away 
from the center of the annular manifold 21 48 and having 
substantially flat sides sealing the sides of the spindle 
2114 against respective ones of the rotary members 
2143. Each lip seal 2150 has a tail 2149 extending ra- 
dially outwardly. The outer surface of each lip seals 21 50 
is composed of a moderately hard elastomeric material. 
Each lip seal 2150 includes within its U-shaped cavity 
an annular spring member joined along its radially in- 
nermost portion within the U and having fingers extend- 
ing down the inner wall toward the bottom of the U and 
then upwardly along the outer wall so as to force the two 
walls apart to seal the rotary members 2143 relatively 
rotating about the spindle 2114. An example of such a 
flanglet seal is Model W30LS-211-W42, available from 
Variseal. 

The two lip seals 2150 are fit into the sides of the 
annular manifold 2148. However, such lip seals 2150 
work best only if their interior sides have positive pres- 
sure with respect to the pressure outside the bottom of 
the U. But, it is desired that at least the middle two of 
the four lines have a negative pressure, that is, less than 
atmospheric pressure, applied through them for at least 
some of the time. Accordingly, a male connection of a 
detachable connector of a vacuum line is threaded into 
a tapped vacuum hole 2151 in one central rotary mem- 
ber 2142b. The bottom of the vacuum hole 2151 con- 
nects to a vertical vacuum passage 2152 bored in the 
center ones of the rotary members 2142b and 2142c. 
The vertical vacuum passages 2152 connect to three 
inter-sectional manifolds 2148 formed between the four 
rotary members 21 42. A stainless-steel washer 21 56 fits 
within a recess of the rotary members 21 42 and fills the 
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inner portion of each inter-sectional manifold 2154 up to 
but not quite touching the rotating spindle 21 30 and sup- 
ports the back of the lip seals 2150. The washers 2156 
trap the tails 21 49 of the lip seals 21 51 against the rotary 
members 2142. Separate elements perform similar s 
trapping at the very top and bottom. Each washer 2156 
has four radial grooves formed in each principal surface 
so as to distribute the vacuum to the back of each adja- 
cent lip seal 21 50. As a result, regardless of the pressure 
applied through the tapped holes 21 44 to the respective 10 
manifolds 2148, a positive pressure is always main- 
tained from the interior of the lip seal 2150 and its out- 
side. It should be mentioned that the top and bottom sec- 
tions 2042d and 2042a have not been designed for a 
negative pressure. Therefore, the uppermost and bot- * 5 
tommost lip seal 2150 are not provided with backside 
vacuum. 

As shown in FIG. 13, each of the stationary rotary 
members 2143a through 2143d is connected to a re- 
spective one of the vertical passages 2116 in the rotat- 20 
ing spindle 211 4 via a side passage 21 60 bored radially 
in the spindle 21 14 at the proper height for that section. 
Each side passage 2160 is continuously connected to 
its associated annular manifold 2148. 

An upper flange 21 80 is placed over the uppermost 2s 
folnry member 2143d and four bolts 2182 pass through 
« respective through hole 2184 aligned with through 
holes 2162 of the upper three rotary members 2143b, 
?uir and 21 43d and are screwed into the tapped hole 
7 1 t>4 ol the bottom rotary member 21 43a. O-rings 21 66 30 
n?o pucod between neighboring sections to ensure fluid 

S«:-t ; »nQ 

The lower rotary member 2143a includes at least 
one lapped hole 2168 for respective bolts fixing the ro- 
1,1' y union 2100 to the spatially fixed anti-rotation plate 35 

11 further includes an inner, lower recess for a col- 
li 2 '72 pressing the outer race of a lower ring bearing 
Ci 70 Hgninst a ledge 2176 in the anti-rotation plate 
Z 134 The inner race of the lower ring bearing 2170 is 
held on its lower side by a ledge 2178 in the spindle 2114 40 
bu: \\>n\s on its upper end.. 

The rotary assembly 21 40 is placed over the spindle 
2114 with the lower ring bearing 21 70 at the bottom and 
nn upper ring bearing 2186 placed on upper ledges of 
the soindte 2114 and the upper flange 2180. The outer *s 
tnee of the upper ring bearing 2186 is held by a bearing 
flr-.ngo 2187 fixed by screws 2188 to the upper flange 
2150 The inner race of the upper ring bearing 2186 is 
bMbud toward the ledge of the spindle 2114 by an CD- 
ring 2189 pressured by a wave spring 2190 pressed so 
downward by a top flange 21 92 secured to the top of the 
spindle 2114 by screws 2194. 

This rotary coupling is particularly advantageous in 
that its total height above the drive shaft is 10.4cm (4.08 
inches), that is, 2.6cm per section. The simple design ss 
also minimizes the lateral dimension and the total 
weight. All these factors contribute to a polishing appa- 
ratus and particular wafer head systems that are com- 



pact. 

Of course, the invention of the rotary union is not 
limited to the four sections. It is applicable to a single 
rotary feedthrough, but it is most advantageous to two 
or more rotary feedth roughs. 

Assembly of the Wafer Head Assembly 

The principal parts of the wafer head system 100 
have already been described. This section will describe 
a few final parts necessary to join it to the other parts 
and to provide proper sealing and bearing surfaces, as 
required. 

The wafer head system 100 is shown in the com- 
plete cross section of FIG. 9 and the partial enlarged 
cross section of FIG. 10. The drive shaft housing 1015 
holds the shaft 1014 by paired sets of lower ring bear- 
ings 1080 and an upper ring bearing 1082. The outer 
race of the lower ring bearings 1 080 are held in an inside 
counterbore 1084 at the bottom end of the drive shaft 
housing 1015 by a notched retainer rim 1086 tightened 
against the drive shaft housing 1015 by a set of screws 
1088. The retainer rim 1086 also supports and clamps 
the ascending portion 964 of the perimeter skirt 962 
against the splash bearings 968 so as to affix the inner 
race of the splash bearings 968 to the drive shaft hous- 
ing 1015. The offset of the collar from the bearing pro- 
vides a small degree of elastic compliance to allow for 
dimensional differences due to manufacturing. 

The inner race of the lower ring bearing 1080 rests 
on a shoulder 1 090 near the bottom of the spindle shaft 

101 4. A shaft bushing 1092 is loosely fitted between the 
spindle shaft 1014 and drive shaft housing 1015 and 
acts as a collar clamping and separating the inner races 
of the tower and upper ring bearings 1080 and 1082 
while the outer races are held by the drive shaft housing 

1015. A pair of retaining nuts 1094 are threaded onto 
the upper portion of the spindle shaft 1014 to hold and 
lock the inner races of the rings bearings 1 080 and 1082 
to the spindle shaft 1014. The outer race of the upper 
bearing 1082 is also locked to the top of the shaft hous- 
ing 1015, as the tightening of the nuts 1094 tends to 
clamp the bearings 1080, 1082 to the shaft housing 
1015. The spindle shaft 1014 passes upwardly through 
the hollow shaft of the wafer rotation motor 1012. The 
upper end of the spindle shaft 1014 above the motor 
1012 is held by a clamp collar 1095 that is attached to 
the rotor of the motor 1 01 2. A motor bracket 1 096 is con- 
nected to the upper end of the drive shaft housing 1014 
below the motor 1 01 2 to support the motor 1 01 2 on the 
shaft housing 1015, and a lip 1098 depending from the 
bracket 1096 positions the bracket 1096 to the drive 
shaft housing 1015. 

The wafer head system 100 can be assembled 
while removed from the carousel 90, with the exception 
of the outer splash plates 944 and a loosened central 
splash plate 942 [IS THIS RIGHT], and then the nearly 
complete assembly is inserted into the slot 910 of the 
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carousel support plate 906. An upper flange 1100 of the 
drive shaft housing 1015 fits onto ledges 1102 formed 
on the inner sides of the arms of the slide 908 and a set 
of bolts 1 104 fasten the upper flange 1 1 00 and thus the 
drive shaft housing 1015 to the slide 908. This simple 
mating between the wafer head system 1 00 and the car- 
ousel 90 significantly reduces downtime when a wafer 
head needs to be replaced. 

Table Top Layout 

Figure 1 8 shows a top plan view (with the exception 
of the center post 802) of the table top 23 of the machine 
base 22. As described before, the three polishing sta- 
tions 50a, 50b, and 50c and the transfer station 70 are 
arranged in a square configuration on top of the machine 
base. Each polishing station includes the respective ro- 
tatable platen 52 overlaid with the polishing pad 54, 
where the polishing pads 54 for the different polishing 
stations may have different characteristics. The first 
elongate intermediate washing station 80a is located 
between the first two polishing stations 50a and 50b, 
and the second intermediate washing station 80b is lo- 
cated between the second two polishing stations 50b 
and 50c. A third washing station 80c is located between 
the third polishing station 50 and the transfer station 70, 
and optionally a fourth washing station 80aa may be lo- 
cated between the transfer station 70 and the first pol- 
ishing station 50a. These serve to wash slurry from the 
wafer as it passes from one polishing station to the next. 

Associated with each polishing station is the re- 
spective conditioner apparatus 60% 60b, or 60c, each 
including its pivotable arm 62 holding its conditioner 
head 64 on its distal end and further including its condi- 
tioner storage cup 68 for storing the conditioner head 
64 when it's not in use. Although the detailed embodi- 
ments describe a disk-shaped rotating conditioner 
head, the conditioner head could be a wheel or rod. Fig- 
ure 1 8 shows the storage cups 68 of the first and second 
polishing stations 50a and 50b being in an inactive po- 
sition outboard of the sweep path of the conditioner arm 
62 with the conditioner head 64 positioned over the pad 
54, which it reconditions as the rotatable arm 62 sweeps 
across the pad. On the other hand, this figure shows the 
storage cup 68 of the third polishing station 50c being 
swung from its inactive position 68' (shown in dashed 
lines) toa storage position 68" inboard of the conditioner 
arm 62 so that the conditioner head 64 can be stored 
therein when the conditioning arm 62 is idle. 

The structural details and operation of these various 
parts will now be described in separate sections. 

Platen Assembly 

A platen assembly 500, shown in the cross-section- 
al view of FIG. 1 9, is replicated at every polishing station 
50a, 50b, and 50c. The platen 52 includes a platen top 
510 and a platen base 51 2 joined to it by several periph- 



eral screws 513 countersunk into the bottom of the plat- 
en base 51 2. For polishing of 8-inch (200mm) wafers, 
the platen 52 may have a diameter of 20 inches (51cm). 
The bottom of the platen 52 includes a downwardly pro- 
s jecting, wedge-sectioned rim 514 that rotates within a 
corresponding annular drain channel 51 5 formed in the 
table top 23 leaving only a narrow, winding passage 
therebetween 523 for slurry to penetrate towards the 
bearings. 

10 A collar 516 at the bottom of the platen base 512 
captures the inner race of a platen ring bearing 518 and 
presses it against a flat cylindrical cornice 519 formed 
on the lower side of the platen base 51 2. A set of screws 
520 countersunk into the bottom of the collar 516 are 
is threaded into the bottom of the platen base 52 and 
clamp the collar 51 6 to hold the inner race. Another col- 
lar 522 supported on the table top 23 and protruding up- 
wardly into an annular cavity on the outer, lower portion 
of the platen base 512 captures the outer race of the 

20 platen ring bearing 516 against a ledge 222 formed in 
the table top 23 of the machine base 22. A set of screws 
524 countersunk into the bottom of the table top 23 are 
threaded into the second collar 522 to hold the collar 
522 holding the outer race. 

zs a circular fence 526 surrounds the rotating platen 
52 and captures slurry and associated liquid centrifu gai- 
ly expelled from the platen 52. This slurry falls down to 
a trough 528 formed in the table top 23 and further into 
the drain channel 515 and drains through a hole 530 

30 through the table top 23 to a drain pipe 532 connected 
thereto by screws 534 passing through a flange 536 of 
the drain pipe 532 and threaded into the bottom of the 
table top 23. The narrow, winding passageway between 
the platen 52 and table top 23 combined with the cen- 

35 trifugal force from the rotating platen assembly 500 
keeps the slurry away from the bearings 518. 

A platen motor assembly 540 is bolted to the bottom 
of the table top 23 through a mounting bracket 542. The 
motor assembly 540 includes a motor 543 with a output 

40 shaft 545 extending vertically upwards which is spline 
fit toa solid motor sheave 544. A drive belt 546 is wound 
around the motor sheave 544 and a hub sheave 548 
joined to the platen base 512 through a reservoir hub 
550 and a platen hub 552. An example of the platen mo- 

45 tor is a Yasakawa SGMS-50A6AB with a gear box, 
which can drive the platen 52 at a rotatbn rate in the 
range of 0 to 200 RPM. 

SLURRY DELIVERY 

so 

At least two types of slurry feed may be used, a top 
dispensing tube and a bottom center feed. The bottom 
center feed will be described first. 

An angular passage 554 is formed in the platen top 
55 51 o to supply slurry to the center of the platen 52. The 
angular passage 554 is aligned and sealed with an CD- 
ring in a recess 556 connecting to a vertical passage 
558 in the platen base 512. The characteristics of the 
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slurry feed to the pad 54 from the center of the platen 
52 are such that the rotation of the platen 52 tends to 
generally equally distribute the slurry over the surface 
of the unillustrated polishing pad 54. 

Such slurry supplies through the platen are known, 
but in the past they have used a rotary coupling on the 
platen hub or drive shaft. However, the use of abrasive 
slurry in a rotary coupling causes it to wear out rapidly 
or requires excessively frequent maintenance. 

Rotating Slurry Reservoir 

These problems are avoided by a reservoir system 
5100 illustrated in more detail in the enlarged cross sec- 
tion of FIG. 20. The outer periphery of the reservoir hub 
550 is formed with an upwardly extending dam wall 5110 
and an inward lip 51 1 2. The dam wall 51 10 and the plat- 
en hub 552 sealed to the central portion of the reservoir 
hub 550 forms a rotating reservoir 51 14 for slurry 5116. 
A stationary slurry feed assembly 5120, illustrated on 
the right, includes a bracket 51 22 attached to the bottom 
of the table top 23. The bracket includes a tapped hole 
5124 to which can be threaded a male end of a fitting 
for stationary slurry feed line. A horizontal passage 51 26 
bored and sealed in the bracket 51 22 is connected to a 
vertical passage 51 28 extending downwardly to the bot- 
tom of the bracket 5122 over the reservoir 511 4 to sup- 
ply slurry thereto. A fluid level sensor 5130 extends 
downwardly from the bracket 51 22 to detect the level of 
slurry 5116 in the reservoir 5114 so that, when the level 
becomes too low, additional slurry is supplied from an 
externally controlled supply through the tapped hole 
5124. 

A diaphragm pump 5140, illustrated in more detail 
in the yet further enlarged cross section of FIG. 21, 
pumps the slurry 5116 from the reservoir 5114 to the 
central hole 554 (FIG. 19) at the top of the platen 52. 
The diaphragm pump 5140 principally consists of a low- 
er diaphragm cavity 5144 formed in the reservoir hub 
550, an opposed upper diaphragm cavity 5146 formed 
in an overlying upper pump member 5148. A flexible di- 
aphragm 5150 is sealed between the two diaphragm 
cavities 5146 and 5146, and the upper pump member 
5148 is secured to the reservoir hub 550 by unillustrated 
threaded fasteners to clamp the diaphragm 51 50. 

The diaphragm pump 5140, which rotates with the 
platen 52, is powered pneumatically by a fluid selective- 
ly supplied under varying pressures by a stationary 
pneumatic source installed in or adjacent to the machine 
base 22. A positive pressure applied to the lower dia- 
phragm cavity 5144 causes the diaphragm 5150 to flex 
upwardly, while a negative pressure causes it to flex 
downwardly. The flexing, together with a set of inlet and 
outlet check valves to be described below, pumps the 
slurry fluid in the upper diaphragm cavity 5146. The 
pneumatic fluid is supplied to the lower diaphragm cavity 
5144 through a passageway 51 52 connecting the lower 
diaphragm cavity 5144 to the lower side of the reservoir 



hub 550 opposed to an O-ring sealing chamber 5154. 
A second passageway 5155 in the the solid motor 
sheave 544 connects the O-ring chamber 5154 to a 
tapped hole 51 56 at the bottom of the motor sheave 544 
5 to which is connected a flexible fluid line 51 57. As illus- 
trated in FIG. 1 9, the fluid line 51 57 is connected through 
a coupling 5158 to an axial passage 5160 in a rotating 
motor shaft 5162. A rotary coupling 5164 connects the 
rotating axial passage 5160 to the stationary pneumatic 
10 source via an unillustrated pneumatic line. 

As shown in FIG. 21, the upper pump member 5148 
overlying the diaphragm 5150 seals the diaphragm 
5150 to the reservoir hub 550 to prevent fluid leakage 
between the upper and lower diaphragm cavities 5146 
15 and 51 44. Two flow check valve assemblies, only a front 
one of which is illustrated, are formed in the pump mem- 
ber 5148 to prevent back flow of fluid oppositely to the 
pumping direction. Each flow check valve assembly in- 
cludes a cylindrical chamber having a large cylindrical 
20 upper part 5 1 70, a tapered middle part 5 1 72, and a small 
cylindrical lower part 5174. A valve ball 5176 is placed 
in the cylindrical chamber. The ball 51 76 has a diameter 
smaller than that of the cylindrical upper part 5170 but 
larger than that of the cylindrical lower part 51 74 so that 
25 ft can effectively seal itself against the tapered middle 
part 5172. The respective flow check valve assembly is 
sealed when the fluid pressure in the respective cylin- 
drical upper part 5170 is greater than that in the respec- 
tive cylindrical lower part 5170. and the sealing is as- 
30 sisted by gravity since the valve ball 51 76 naturally seats 
itself on the downwardly tapering middle part 5172. The 
tops of the cylindrical chambers are sealed with a gen- 
erally rectangular seal member 5178 clamped in place 
by a pump cover 5180 screwed into the upper pump 
35 member 5148. 

The unillustrated backside flow check valve assem- 
bly is used to supply slurry to the top diaphragm cavity 
5148 of the diaphragm pump 5140 and is positioned in 
the flow path between the slurry reservoir 511 4 and top 
40 diaphragm cavity 51 48. The top of the cylindrical upper 
part 5170 is connected by an unillustrated passage to 
the upper diaphragm cavity 5146. The cylindrical lower 
part 5174 is opened to an unillustrated sump portion of 
the reservoir 5114 so that slurry is always present in the 
45 nghl circular lower part 5 1 76 and can flow into the upper- 
diaphragm cavity 5146 when the diaphragm 5150 is 
pneumatically flexed downwardly to provide negative 
pressure in the upper diaphragm cavity 5146. However, 
if the diaphragm 5150 is pneumatically flexed upwardly 
50 to provide positive pressure in the upper diaphragm cav- 
ity 5146, the valve ball 5176 seats against the tapered 
portion 51 72 and thereby closes the supply check flow 
valve assembly against any backward flow of slurry. 
The illustrated frontside flow check valve assembly 
55 is used to feed slurry from the upper diaphragm cavity 
5146 of the diaphragm pump 5140 to the central aper- 
ture 554 at the top of the platen 52. The lower cylindrical 
part 5174 of the feed flow valve check assembly com- 
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municates directly with the upper diaphragm cavity 
5146. A passage 5184 in the upper pump member 5148 
connects the upper cylindrical part 51 70 of the feed flow 
check assembly to a hook-shaped passage 5186 in the 
reservoir hub 550 and platen hub 552, which ultimately s 
connects to the central aperture 554 at the top of the 
platen 52. (It is noted that in interest of clarity some of 
the passages are illustrated differently than actually em- 
bodied in our prototype, but the differences do not sig- 
nificantly affect the invention.) When positive pneumatic 10 
pressure, whether liquid or air, upwardly flexes the dia- 
phragm 5150, the slurry in the upper diaphragm cavity 
5146 is pumped through the passages 5184 and 5186 
to the top of the platen 52. When the positive pneumatic 
pressure is released, the seating of the valve ball 5176 15 
in the feed check flow valve assembly prevents the back 
flow of slurry, particularly due to the head created by the 
back pressure of slurry pumped above the level of slurry 
5116 in the reservoir 5114. 

This configuration of the slurry feed eliminates the 20 
problem of having a slurry running through a rotary cou- 
pling and provides a high degree of reliability as well as 
shortens the length of the slurry line which might get 
plugged if slurry were to sit in the slurry line for a long 
time. 25 

Overhead Slurry Dispenser 

It is advantageous to additionally include an over- 
head slurry dispenser 5200, as illustrated in schematic 30 
cross-sectional view in FIG. 22 and in plan view in FIG. 
23. It includes a dispensing tube 5202 rotatably support- 
ed on a dispenser base 5204 located on the table top 
23 within the surrounding fence 25. The dispensing tube 
5202 is rotatable over the platen 52 and attached pol- 3$ 
ishing pad 54 such that its dispensing end 5206 can be 
located to one or more points adjacent to the wafer head 
110. As has been described before, the wafer head 110 
is supported on the carousel 90 and, during polishing, 
slides linearly across a diameter of the pad 54. Figures 40 
22 and 23 are somewhat schematic in not showing the 
complete overhang of the carousel 90 over the pad 54. 
If the wafer head 110 is performing over-center polish- 
ing, the end 5206 cannot be parked near the center of 
the polishing pad 54. Either it is parked to the side of the 
furthest outward position of the wafer head 110 or its 
motion is synchronized with that of the wafer head 110 
to avoid any collision. The dispensing tube 5202 is also 
rotatable to an off-platen position 5208 at which the dis- 
pensing end 5206 is positioned off the polishing pad 54 so 
and directly over the table top 23. This dispensing tube 
5202 is moved to the off -platen position 5208 when it is 
desired to flush it so that the flushed liquid and possible 
debris are collected on the table top 23 and drained from 
it without contaminating the polishing pad 54. ss 

Preferably, the overhead slurry dispenser 5200 has 
two dispensing ports for alternately or even simultane- 
ously dispensing two slurries or a slurry and another liq- 



uid. As shown in the enlarged elevational view of FIG. 
24, the dispensing tube 5202 includes two supply tubes 
5210 and 5212 joined to each other and including re- 
spective downwardly projecting tube dispensing ends 
5214 and 5216. One tube dispensing end 5214 should 
be longer than and laterally separated from the other so 
as to minimize the splashing of slurry from an active tube 
dispensing end to an inactive one, which would tend to 
cause slurry to dry and cake on the inactive tube dis- 
pensing end. Similarly, the middle portion of the dis- 
pensing tube 5202 extending horizontally over the pad 
54 should be at a sufficient height above the pad 54 to 
reduce the amount of slurry that splashes from the pad 
54 onto the dispensing tube 5202. The supply tube 5210 
and 521 2 and other exposed parts of the slurry dispens- 
er 5200 should be composed of a material such as Te- 
flon which is resistant to corrosive slurry and is prefer- 
ably hydrophobic. 

The limited rotation of the dispensing tube 5202 al- 
lows the rotational fluid coupling to be accomplished 
with two flexible supply conduits 5218 and 5220 joined 
to respective supply tubes 521 0 and 521 2 or associated 
fluid channels terminating at the bottom of the table top 
23. 

Slurry Supply 

It is noted that the above slurry dispenser 5200 as 
well as slurry reservoir system 5100 and associated 
platen supply passage 554 of FIGS. 19, 20, and 21 allow 
different slurries to be supplied to the three polishing 
systems 50a, 50b, and 50c. Also, the drain 532 of FIG. 
1 9 below the platen 52 collects most of the excess slurry 
for that polishing station and can be isolated from cor- 
responding drains at the other polishing stations. 
Hence, different slurries can be used at the different pol- 
ishing stations but their drains can be substantially iso- 
lated. The isolation alleviates disposal problems and 
permits recycling of slurry even in a complex process. 

The polishing system 10 of the invention is intended 
for a variety of polishing processes that can be selected 
by the user and even changed with a minimum of me- 
chanical reconfiguration. Hence, the slurry delivery sys- 
tem should be both general and flexible and provide for 
cleaning functions for the lines which tend to clog with 
dried slurry. An example of such a slurry delivery module 
5230 is schematically illustrated in FIG. 25. The figure 
illustrates a supply unit 5232 for all three polishing sta- 
tions 50a, 50b, and 50c and one of three flow control 
units 5234 for respective ones of them. The plumbing 
connections adjacent to the platen 52 are not illustrated 
and may be easily replumbed between the slurry feed 
assembly 5120 illustrated in FIG. 20 for the slurry res- 
ervoir system 5100 and the two flexible conduits 5218 
and 5220 of the overhead slurry dispenser 5200 of FIG. 
22. 

The supply unit 5232 includes a bulkhead unit 5236 
containing many pneumatic on-off valves and connect- 
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ing piping. It also includes three supply sources 5238a, 
5238b, and 5238c, each of which includes a supply tank 
5240, a supply tube 5242 and associated pump 5244, 
and a return tube 5246 to provide a recirculating source 
of slurry or liquid Associated level monitors and fresh 
supply tubes are not illustrated but are well known in the 
art. It is anticipated that two supply source 5238a and 
5238b will be typically used for two different slurries 
while the third supply source 5238c will be used for a 
non-slurry liquid chemical, such as ammonium hydrox- 
ide. Of course, a greater or lesser number of supply 
sources 5238 may be used depending on the polishing 
requirements and the necessity to economize. 

The bulkhead unit 5236 contain an onoff valve 
5248 for each supply line 5242 and a flow check valve 
5250 for each return line 5246. Although the illustrated 
bulkhead unit 5236 uses only one supply valve 5248 for 
all three polishing stations so that the same liquids flow 
to all three stations, additional valving would allow inde- 
pendent and separate supplies. The bulkhead unit 5236 
also receives nitrogen and de ionized water (DIW) 
through on off valves 5252 and 5254, both of which con- 
nect to a purge line 5256 which is gated to any of the 
supply sources 5238a, 5238b, or 5238c through respec- 
tive on-off valves 5258. The nitrogen or DIW is used to 
purge and clear various lines as required. The purge 
connections are not illustrated. For clearing clogged 
lines, the purge connections can be manually made 
since the supply sources 5238a, 5238b, and 5238c are 
located in an accessible area. 

Figure 25 shows only two supply units 5238a and 
5238c connected to the flow control unit 5230 of the one 
illustrated polishing station 50a, 50b, or 50c although 
the remaining supply unit 5238b could be connected to 
one of the other polishing stations. Each flow control unit 
5230 includes two metering units 5260a and 5260b, 
each of which contains a diverter valve 5262a or 5262b 
connected to different recirculating paths from the sup- 
ply units 5238a and 5238c. A diverter valve selectively 
connects a third port to a flow path between its first two 
ports, which are in the recirculating path. Thevalvedout- 
put of the diverter valve 5262a or 5262b is routed 
through a bulk flow controller 5264 which will deliver a 
liquid flow rate to the associated slurry port at the platen 
52 that is proportional to an analog control signal SET 
input to the bulk flow controller. It is anticipated that flow 
rates in the range of 50 to 500ml/min will be typically" 
required, but the range may shift down to 1 3ml/min and 
up to 2000ml/min depending on polishing process that 
is implemented. Preferably, the delivered flow rate is 
measured and returned on a monitoring line MON. Al- 
though fluid equivalents to mass flow controllers could 
be used for the bulk flow controller 5264, the required 
high levels of reliability with corrosive pump fluids have 
initially required use of a metering pump, such as a per- 
istaltic pump which does not directly provide the moni- 
toring function. 

A line carrying deionized water is led through both 



metering units 5260a and 5260b, and respective divert- 
er valves 5266 direct DIW through the respective bulk 
flow controllers 5264. The DIW is used to flush the lines 
and clean the polishing pad, but it may also be used in 
s the polishing process, for example, a polishing station 
dedicated to buffing. Alternatively, a dedicated DIW line 
5268 and associated on-off valve 5270 may be connect- 
ed to one of the slurry ports at the platen 52. 

10 Pad Peeling 

The polishing pad 54 on the surface of the platen 
52 wears out over time and has to be periodically re- 
placed. One of the difficulties in replacing a worn polish- 
es ing pad is that strong pressure-sensitive adhesive is 
used to attach the pad to the platen and the two remain 
strongly bonded together over periods of use. In the 
past, to remove the polishing pad it was necessary to 
use a large force to pull the polishing pad away from the 
top of the platen to overcome the adhesive seal between 
the pad and platen. This large force requires significant 
operator involvement and time. 

An embodiment of the invention for automatically 
peeling the pad 54 from the platen 52 is illustrated in the 
cross section of FIG. 19. It includes the option of inject- 
ing high pressure air or fluid through a blow port 560 
opening at the top of the platen top 510 near its center 
but offset therefrom because the slurry port 554 is at the 
center. The pressure tends to create a bubble between 
the pad 54 and platen 52 which gradually expands and 
thus gently peels the pad 54. 

The blow port is connected to four vertical passages 
561, 562, 564, and 565 formed in the platen 510, the 
platen base 512, the platen hub 552, and the reservoir 
hub 550 and is also connected thereafter to an angled 
passage 566 in the solid motor sheave 544. These pas- 
sages are joined to each other by O-rings placed in re- 
cesses 568,570,571 , and 572. The angled passage 566 
connects to a tapped hole 574, into which can be thread- 
ed the fixed end of a quick-release fitting 576 of a high- 
pressure airline 578. During the polishing operation, the 
fixed end of the quick-release fitting is fixed on the platen 
assembly 500 and is rotating with the platen 52. When 
the platen 52 is stopped, the detachable end of the 
quick-release fitting connected to the high-pressure 
hose 578 is freely connectable to the fixed end of the 
quick-release fitting to connect passages to the blow 
port 560. 

In use, when it has been determined that the pol- 
ishing pad 54 needs to be replaced because is surface 
has been degraded, the platen 52 is stopped, and the 
operator or an automatic mechanism connects the two 
parts of the quick-release fitting to thereby connect the 
high-pressure air supply hose 578 to the blow port 560. 
The air pressure so applied while the platen is stationary 
injects air beneath the polishing pad 54 in the area of 
the blow port 560 at the top of the platen 52 and tends 
to create a bubble there, which gradually increases and 
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has the effect of peeling the pad 54 from the platen 52. 
The bubbling effects reduces, if not eliminates, the force 
necessary to peel the polishing pad 54 from the platen 
52. The opening 554 for the slurry located in the center 
of the platen 52 will be generally so small that the air 
released through it will be negligible or it can be tempo- 
rarily plugged by the user placing his finger over the 
opening or otherwise providing some sort of temporary 
seal. Of course, the quick-release fitting is disconnected 
after the pad has been removed and before the platen 
again is rotated. The removal and replacement of the 
polishing pad is therefore accomplished more easily 
than has been done in previously known configurations. 

Although it would be possible to completely auto- 
mate the peeling process through a rotary coupling con- 
necting the high-pressure air line 578 to the blow port 
560, the relatively infrequent need to change pads re- 
duces the desirability of the added complexity. High- 
pressure liquid rather than gas could alternatively be 
used for the peeling operation. 

intermediate Washing Stations 

In the preferred operation of the invention, the wa- 
fers are sequentially polished at two or all three of the 
polishing stations 50a, 50b, and 50c shown in the top 
view of FIG. 18. One polishing method is a multi-step 
polishing process in which, for example, a rough polish 
is followed by two successively finer polishes. One 
method of achieving increasingly fine polishing is to use 
at the different polishing stations 50 slurries having dif- 
ferent characteristics or particle sizes, in this situation, 
it is important to avoid cross contamination of slurry be- 
tween different platens; that is, to assure that the slurry, 
both particles and polishing liquid, of one polishing sta- 
tion is completely removed from a wafer before it is 
moved to the next polishing station. When wafers are 
transferred between polishing stations 50, much of the 
slurry used in the prior polishing step that is initially at- 
tached to the wafer as it is lifted from the pad drips from 
the wafer to the pad 54 and associated platen 52, as 
shown in FIG. 19, from whence much of it drips into the 
drainage basin defined by the fences 526 surrounding 
the platens 52. However, some slurry remains attached 
to the wafer unless special precautions are taken, and 
this adhered slurry can contaminate the next polishing 
station, especially the subsequent polishing pad 54, in 
a degree that increases with time. 

Therefore, in some highly sensitive processes, it is 
desirable to include the intermediate washing 80a and 
80b, as shown generally in FIG. 18, that are located be- 
tween the platens 52 of neighboring polishing stations 
50a, 50b and 50b, 50c. These intermediate polishing 
stations wash wafers passing between the neighboring 
polishing stations and dispose of the cleaned slurry so 
as not to contaminate the next polishing station. It is also 
desirable to additionally include another intermediate 
washing station 80c between the last polishing station 



50c and the transfer station 70. As will become evident 
in some later discussions, the intermediate washing sta- 
tions 80 can be used for a light buffing of the wafers and 
well as removing slurry and loose material. Further- 
s more, a preliminary intermediate washing station 80aa 
can be included between the transfer station 70 and the 
first polishing station 50a. This replication of intermedi- 
ate washing stations has little impact on wafer through- 
put because they can all simultaneously be washing or 
10 buffing respective wafers. 

The intermediate washing stations 80 could be re- 
tractable or even horizontally movable. However, in a 
configuration according to the invention, they are sta- 
tionary with an upper surface slightly above the level of 
'5 the polishing surface of the polishing pad 54 so that, 
when the wafer head 1 00 raises the wafer from the plat- 
en 52, moves it over the washing station 80. and lowers 
it onto the washing station 80, the wafer 40 comes into 
contact with the washing station 80 at a position above 
that of the neighboring platen 52. The gap is essential 
because the wafer on the washing station 80 will also 
overlie the two neighboring platens 52. The intermediate 
washing station 80, in general, provides a sealed open- 
ing below the surface of the wafer head 110. It usually 
includes a wash chamber which can be sealed by plac- 
ing the wafer head on a lip of the chamber. 

In a configuration according to an embodiment of 
an intermediate washing station 800 of the invention 
shown in the three perpendicularly arranged cross-sec- 
tional views of FIGS. 26A and 26F and plan view of FIG. 
26G, a wash chamber 810 has an elongate upper open- 
ing 81 2 having the shape of a relatively narrow elongat- 
ed slot located between adjacent platens 52. As shown 
in FIG. 26G, two sides 814 of the opening 812 have 
lengths sufficient to generally reach across the wafer 40 
when the center of the opening 812 is aligned with the 
center of the wafer 40, and the other two sides 81 6 have 
arcuate shapes corresponding to the circumference of 
the wafer 40. 

The intermediate wash station 80 is formed by a 
spray pipe 820 extending along the elongate opening 
812 and having a number of vertically oriented nozzle 
openings 822. The ends of the spray pipe 820 are 
sealed by plugs 824, and the spray pipe 820 is fixed to 
a support member 826 having an upper end generally 
defining the opening 812 of the wash chamber 810. A 
tapered elastic seal 828 is placed inside the support 
member 826 to define the lateral sides of the washing 
chamber 81 0. The seal 828 has an upper end conform- 
ing to the shape of the opening 81 2 of the wash chamber 
810 and protruding slightly above the top of the support 
member 828. Its lower end is supported on the spray 
pipe 820 so as to leave exposed the nozzle openings 
822 and the drain opening to be shortly described. Pref- 
erably, the elastic seal 828 is formed of a foamy or fi- 
brous material that acts as a barrier to break a spray but 
that allows the flow of water and entrained slurry through 
it. Thereby, slurry does not become embedded in the 
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seal 828, and accreted slurry cannot scratch the wafer 
40. Exemplary seal materials include the material used 
for polishing pads. 

As best shown in FIG. 26F, a supply pipe 830 is 
sealed to the bottom of the spray pipe 820 at a supply s 
opening 832 in a lower side and longitudinal end of the 
spray pipe 820. A drain pipe 834 is sealed to the supply 
pipe 820 and passes from the bottom side to the top side 
thereof at a drain opening 836. When washing is de- 
sired, a washing liquid 840. such as deionized water, is io 
supplied under pressure through the supply pipe 830 in- 
to the interior of the spray pipe 820. When sufficient 
washing liquid 840 has been supplied to fill the spray 
pipe 820, any further washing liquid is sprayed through 
the nozzles openings 822 in sprays to cover the portion is 
of the wafer 40 overlying the elongate opening 81 2. Ex- 
cess washing liquid and entrained slurry rinsed from the 
wafer 40 fall down to the bottom of the washing chamber 
810 and drain out through the drain opening 836 for re- 
cycling or disposal. 20 

The operation of the intermediate washing station 
will now be described. When a polishing step at a first 
polishing station, e.g., 50a illustrated in FIG. 26 A, has 
been completed, the rotation of the wafer head 110 is 
stopped, the lower end of the wafer head 110 holding zs 
the wafer 40 is raised from the platen 52 and polishing 
pad 54 by a short distance of, for example, M inch 
(6mm), the slide 908 holding the wafer head 110 is 
placed at a radial position of the carousel 90 aligned with 
the intermediate washing station, e.g. 80a, and the car- 30 
ousel 90 is rotated to move the wafer head to a position 
at which, as shown FIG. 26B place the center of the wa- 
fer head 110 and its wafer 40 over the center of the in- 
termediate washing station 80a. The tower end of the 
wafer head 110 is then lowered, as shown in FIG. 26C, 3S 
to place the wafer into low-pressure contact with the 
elastic sealing member 828 of the intermediate washing 
station 80a so as to provide a water barrier therebe- 
tween but not to damage the wafer 40. The required 
pressure is comparable to or less than those used at the *o 
polishing stations 50. In FIGS. 26D and 26F, the wash- 
ing liquid 840 is pressurized in sufficient amount to wash 
the portion of the wafer 40 exposed above the washing 
chamber 810, and the washed off slurry drains out 
through the drain pipe 838. 

Preferably, the wafer 40 is washed continuously, as 
illustrated in FIGS. 26D and 26F, as the Wafer head mo- 
tor 1 01 2 continuously rotates the wafer 40 past the elas- 
tic sealing member 828. Of course, the material of the 
sealing member 828, the applied force, and the rotation so 
speed must be chosen such that the wafer 40 is not 
gouged or scratched as it slides over the water-tight seal 
with the sealing member 828. A large number of revo- 
lutions during the washing will produce a buffing effect. 

Alternatively, the wafer could be washed in discrete ss 
steps as it is lowered, washed, raised, and partially ro- 
tated to a new position so as to wash all portions of the 
wafer. 



A combination of these methods can be used as 
long as wash water is not permitted a path to escape 
from the wash chamber 816 and directly spray the bot- 
tom of the multi-head carousel 90 since such spraying 
could cause the splash shield to be breached. The wafer 
head can be slowly spun so that at least all of the sur- 
faces are cleaned or are essentially squeegeed off by 
the seal between the washing station and bottom of the 
wafer head and the squeegeed liquid is drained away 
from the bottom of the chamber. The wafer head can 
then be raised and moved to its polishing location at the 
next platen. This ensures that at least all loose particles 
from one wafer head are removed. 

Although the above description involved only a sin- 
gle wafer at a particular intermediate washing station 80, 
the carousel positions all the wafer heads 110 over re- 
spective washing stations is such washing stations are 
present at all those angular positions. Therefore, two, 
three, or even four wafers can be simultaneously 
washed according to the above process by multiple 
washing stations 80. 

After completion of the washing of the complete wa- 
fer 40, the wafer head 110 raises the wafer 40 off the 
seating member of the elastic sealing member 828 and, 
as shown in FIG. 26E, the carousel 90 rotates the wafer 
head 110 and attached wafer 40 to the next polishing 
station 50b. 

A design for an alternative intermediate wash sta- 
tion 80* is illustrated in cross section in FIG. 26H and in 
plan view in FIG. 261. A wash housing 850 having an 
enclosed wash cavity 852 is fixed to the top of the table 
top 23. A linear wash aperture 854 is formed at the top 
of the wash housing 850 to a length substantially equal 
to the diameter of the wafer 40 and is generally aligned 
along the boundary between two polishing stations 50 
and perpendicularly to the rotation direction of the car- 
ousel 90. However, it is noted that the intermediate 
washing stations 50 or 50' can advantageously be 
placed at corresponding positions before and after the 
polishing sequence for a total of four such intermediate 
washing stations in the three-pad system of FIG. 6 A. 

A contact pad 856 is glued with adhesive to the top 
of the wash housing 850 except above the wash aper- 
ture 854 to thereby allow the wafer head 110 to gently 
press a wafer 40 against the top of the washing station 
80' without scratching the wafer 40 but still forming a 
fairly water-tight seal. Such a contact material needs to 
be soft and pliable and can be similar to the elastomeric 
sheet placed on the pedestal 72 of the transfer/wash 
station 70 or can be a fibrous or foamy pad similar to a 
fine polishing pad material. Alternatively, the contact 
material may be incorporated into a removable top 
which is easily connectable to the washing housing 850 

A ridge nozzle mount 860 is fixed to the table top 
23 and rises within the wash cavity 852 of the wash 
housing 850. A ridge peak 862 at its top is positioned 
just below the wash aperture 854 and includes several 
vertically directed nozzle holes 864 having diameters, 
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for example, of 0.025° (0.64mm) The nozzle holes 864 
are connected to a longitudinally extending supply pas- 
sage 866 connected to a centrally located vertical sup- 
ply passage 868, which is sealed by an O-ring recess 
870 to a vertical passage 872 in the table top 23 having 
a tapped hole 876 at its bottom to which can be coupled 
a selectively applied supply of wash liquid. A number of 
horizontally extending scuppers 878 extend through the 
bottom of the wash housing 850 at its juncture with the 
table top 23 so that wash liquid falling to the bottom of 
the wash cavity 852 can flow outwardly to the top of the 
table top 23, which includes several drains lor excess 
slurry and other polishing liquids. 

The top of the contact pad 856 above the wash 
housing 850 is slightly above the top of the platen 52 of 
the polishing stations 50. After a waler 40 has been pol- 
ished at one polishing station 50, the wafer head 110 
lifts the wafer 40 Irom the platen and brings it above the 
intermediate washing station 80' and towers it therea- 
gainst. The nozzles 864 eject wash liquid towards the 
wafer 40, the debris laden liquid falls within the cavity 
852 to be drained through the scuppers 878. 

The wafer 40 can be polished either by the stepwise 
washing described previously or by slowly and continu- 
ously rotating the wafer head 110 and attached wafer 
40 in loose contact with the contact pad 856. If the po- 
rosity of the elastomeric seal 856 is properly chosen, the 
wafer 40 is squeegeed as it passes over the intermedi- 
ate washing station 80V 

In the prior art, a separate polishing station was re- 
quired to buff the wafer 40 at the end of polishing, that 
is, to very lightly polish the wafer so as to remove any 
dust and debris. The buffing was done on a buffing pad 
similar to a polishing pad. The operation of the interme- 
diate polishing station, especially one at the end of the 
polishing sequence, performs very similar functions to 
those of buffing. As a result, the inclusion of intermediate 
polishing stations frees the third polishing station for ac- 
tual polishing, thus substantially increasing the through- 
put of the system. 

Furthermore, one or more of the intermediate wash- 
ing stations 80 or 80' can be considered to be a separate 
polishing station. Therefore, one or more washing sta- 
tions 80 or 80' can be angularly arranged relative to the 
polishing stations 50 so that the wafer heads 1 00 simul- 
taneously overhang both the washing station 80 or 80' 
and the polishing stations 50. As a result, the washing 
or buffing at the washing station can be performed si- 
multaneously with the polishing at the polishing stations, 
thereby increasing the throughput of the polishing ap- 
paratus. 

Pad Conditioner 

The polishing pad, prior to its needing to be com- 
pletely replaced, needs to be occasionally (or regularly) 
conditioned to prevent its surface from becoming 
glazed. In the embodiment described herein, the pad 



conditioner is a rotating disk having a rough surface that 
is continuously brought into contact with the rotating pol- 
ishing pad during conditioning and is swept back and 
forth across the pad 54 from its perimeter to the center. 
s Other types of conditioners are possible. The condition- 
ing member can be planar but non-circular, it can be a 
cylindrical member having a circumferential surface 
contactable with the pad, or it may be one or more styli, 
among other possibilities. The surface of a conditioner 
io can be abrasive, be toothed, or have sharp aperture 
edges, among other possibilities. The surface of the 
conditioning member can move relative to the pad, the 
conditioner member can roll over the pad and primarily 
emboss its surface pattern in the pad : the conditioning 
is member can be dragged as a stationary body across 
the pad, or it can be rotated in different planes relative 
to the pad, among other possibilities. All such condition- 
ing members are included within the concept of a con- 
ditioning head positionable over and movable relative to 
20 the polishing pad. 

In overview, as shown in the cross section of FIG. 
29, the pad conditioner 60 includes a conditioner head 
64 suspended on the distal end of an arm 62. The prox- 
imal end of the arm 62 is supported by a support assem- 
2S bly 65 which can rotate the entire arm 62 in the plane of 
the wafer so as to place the conditioning head 64 in 
place for pad conditioning and to sweep it over the pad 
54, can slightly elevate the conditioner head 64 by about 
VA* (32mm) to put the conditioner head 64 in selective 
30 contact with the pad 54, and rotates the conditioning 
head 64 through a belt drive. 

Conditioner Head 

3S The conditioner head 64 holds within a recess 610 
on its bottom face a toothed or otherwise very abrasive 
surface conditioning disk 612 or other generally cylindri- 
cal member Its downwardly facing surface 614 is rough 
enough that, when engaged with a glazed polishing pad 

40 54 and moving relative thereto, it can deglaze the pad 
54 by scouring its surface. 

The conditioner head 64 is illustrated in more detail 
in the cross section of FIG. 31. The conditioning disk 
612 includes a central, lower aperture 616 at the center 

45 and bottom of which is located at the effective rotational 
center 618 of rotation of the conditioning disk 612. The 
effective rotational center 61 8 is the point around which, 
when the compression and varying lateral consistency 
of the pad 54 and conditioner surface 614 are taken into 

so account, provides a point about which the torque can be 
minimized because the rotational fractional engagement 
between the conditioning surface and the polishing pad 
produces no net torque relative to that point in the ver- 
tical direction. 

55 As additionally illustrated in the perspective view of 
FIG. 30, the conditioning disk 612 is held in the recess 
610 at the bottom of a conditioner head face plate 620 
by a flexible holding pad 621 placed into the recess 610 
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and having a sticky face that adheres to the face plate 
620 and a lower magnetic face. The conditioning disk 
612 is fit into the recess 610 adjacent to the holding pad 
621. The conditioning disk 612 is made of a magnetic 
material that is held to the magnetic side of the holding s 
pad 621, and its other side is impregnated with dia- 
monds for scraping the polishing pad 54 against the 
edges of a triangular array of circular holes 615 pene- 
trating the conditioning disk 612. The holes have diam- 
eters of about 1/8" (3mm). Such a conditioning disk 612 10 
is available from TBW Industries of Furlong, Pennsylva- 
nia as a grid-abrade model. A gate 619a is formed in a 
wall 61 9 of the recess 61 0 to allow the conditioning disk 
612 to be pried from the recess 610. 

It is understood that the perforated conditioning disk is 
612 of FIG. 30 is illustrative only and other conditioning 
members are included within the invention. 

Gimbal Drive 

20 

As illustrated in FIG. 31. a novel gimballing structure 
connects the conditioner head face plate 620 and at- 
tached conditioning disk 614 to the conditioner arm 64. 
Any gimballing structure allows rotational movement to 
be imparted to a disk-like structure while the drive axis 25 
is tilted relative at angle which is not necessarily per- 
pendicular to the disk. However, as illustrated in FIG. 
32, a conventional gimballing structure 621 has a gimbal 
rotational center 622 (it is assumed that the two horizon- 
tal axes of rotation in the gimbal structure intersect) 30 
about which a drive axis 624 and a normal axis 626 can 
deviate by an angle <x g}rnba |. The conventional gimbal ro- 
tational center 622 is located above the horizontal 
torque center 627 at the interface between the condi- 
tioning disk 612 and the polishing pad 54. The offset 35 
from the horizontal torque center 627 means that a finite 
vertical torque 628 is created as the conditioning disk 
614 is swept over the pad 54 and experiences net hor- 
izontal linear f rictional force offset from the gimbal cent- 
er rotational center 622. The net vertical torque 628 may *o 
be demonstrated in that the shaft rotating the condition- 
ing disk 612 and linearly translating it along the surface 
exerts a resultant force R in the horizontal plane that 
passes through the gimbal rotational center 622 while 
the net linear frictional force F that the pad 54 exerts 45 
against the translating conditioning disk 612 lies at the 
interface between the conditioning disk 61 2 and the pad 
54. That is, even though the two forces are equal though 
opposite, the two forces are separated by a moment arm 
which creates the finite vertical torque 628. The vertical 50 
torque 628 causes a leading edge 630 of the condition- 
ing disk 61 2 to have a greater vertical pressure against 
the conditioning pad 54 to be deglazed than the vertical 
pressure applied against a trailing edge 632 of the con- 
ditioning disk 612. 55 

The vertical torque 628 causes the polishing proc- 
ess to abrade the leading edge 630 more than the trail- 
ing edge 632. This torque which causes differential load- 



ing and polishing is increased when the conditioner 
head is swept in the direction having the larger down- 
ward pressure so that the sweep force is partially con- 
verted to a downward force on the leading edge. 

This problem of differential polishing is reduced or 
nearly eliminated in the geometry of the head according 
of FIG. 33 in which the horizontal torque center 627 is 
coincident with the gimbal rotational center 622 at a 
common center 636. Both the resultant force R' from 
dragging the conditioning disk 612 across the pad 54 
and the frictional force between the conditioning disk 
612 and the pad 54 lie within the same plane at the in- 
terface between the conditioning disk 612 and the pad 
54. The rotational torque 628 resultant from sweeping 
over a frictional surface is reduced to zero because the 
torque center 628 lies within the plane resisting that 
torque, that is, the resultant force R' and frictional force 
F lie within the same plane with no moment arm be- 
tween them. As a result, the differential loading caused 
by an offset gimballing center 622 is significantly re- 
duced. 

Referring to the perspective vie w of FIG. 34, the os- 
cillation of the conditioner arm 62, that is, its sweep 
across the polishing pad 54 from its center to its perim- 
eter, is performed by rotation of the conditioner support 
shaft housing 1630 being rotated by a harmonic drive 
1668 coupled to an arm sweep drive motor 1670. This 
structure will be described more fully later, The condi- 
tioner arm 62 is turned by the conditioner sweep drive 
motor 1670 through the set of stub shafts 1642 bolted 
to the drive housing 1630 discussed above. 

Referring back to the schematic of FIG. 33 of the 
novel gimballing structure, as the conditioner disk 612 
is forced along the surface of the glazed pad 54, a fric- 
tional force F is devebped. However, because of the 
centrally placed common center 636, the motive force 
R* is equal, opposite, parallel, and in line. As a result, 
there is no net torque on the conditioner head. 

This effect can be achieved by a ball-and-socket 
joint 640 in which the spherical center of symmetry lies 
on the interface between the conditioning disk 612 and 
the polishing pad 54. Additional means prevent the 
socket part 642 from rotating within the horizontal plane 
with respect to the ball part 644. By placing the center 
of the ball-and-socket connection through which force 
is transmitted at the surface of the polishing pad 54 in 
direct opposition to the frictional force, this configuration 
eliminates any tendency of the head to rotate and create 
a greater pressure on one side of the conditioning head 
than on the others, as happens in the prior art. 

A particular design according to the invention, as 
shown in the cross-sectional view of FIG. 31, attaches 
the backside of the conditioning disk 612 including the 
abrasive conditioning head surface 614 to a cylindrical 
lower ball joint part, having attached thereto in its lower, 
inner corner a bearing element 652 having a convex an- 
nular segmented surface 654 having a center of curva- 
ture at the common center 618. This part creates a ball 
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of a ball-and-socket joint. 

In opposition to the just described ball part, a socket 
part includes a conditioner head shaft 656 having a con- 
cave annular segmented surface 658 in opposition to 
the convex surface 654 and having a center of curvature s 
at the common center 61 8. A ball-bearing cage 660 cap- 
tures several bearing balls 662 rolling between the con- 
vex surface 654 of the bearing element 652 and the con- 
cave surface 658 of the conditioner head shaft 656. The 
bearing balls 662 allow the conditioner head shaft 656 io 
to nutate (within the two vertical planes) with respect to 
the conditioner head face plate 620 and thus the pad 
54. However, a very soft O-ring 664 (preferentially du- 
rometer 40) is captured in an annular, inwardly facing 
recess 666 of the bearing element 654 and faces an out- is 
wardly facing wall 668 of the conditioner head shaft 656. 
The compressibility of the O-ring 664 within the confin- 
ing recess 666 limits the nutation of the conditioner head 
shaft 656 with respect to the bearing element 654 to a 
few degrees, more than enough for the operation of the 20 
conditioner head 64. The non -infinite compressibility, in 
fact, violates the assumption of no vertical torque in the 
gmballing structure. The nutation allows the condition- 
in 3 disk 61 2 to move within a small range of polar angles 
lo ;illow for any slight variations in the surface of the pol- 2s 
ishmg pad 54 without providing greater pressure on one 
s«do ol the conditioner head facing plate 620 than on the 
olnof 

A nocked nut 670 is threaded onto an upper rim 672 
oi tnr conditioner head bearing element 620, and its up- 30 

» cc* 672 captures but only loosely surrounds an 
ot:!of fi.mgc 674 of the conditioner head shaft 656, and 
pcssolo engagement presents an ultimate limit to the 
r ..*.i!ion of the conditioner head shaft 656 with respect 

bearing element 656. A shoulder bolt 676 is 35 
:?-m;. <jcd into the bottom center of the conditioner head 
<>* -ifi 656 Its downwardly facing head 678 is captured 
on 1 no upward side by an inwardly facing lip 680 of the 
t < .iring clement 650. The selective engagement of the 
ho. id 678 of the shoulder bolt 676 and the lip 680 of the 40 
bo. King element 650 prevents the conditioner head 
fetvtung clement 620 from falling from the conditioner 
he- id shnft 656 when the conditioner head 64 is lifted 
horn the polishing pad 54. 

I he ball bearings 662 would ordinarily allow the free 45 
fi/imjthal rotation of the bearing element 652 and at- 
tached conditioning disk 612 with respect to the condi- 
tioner head shaft 656. However, a number of peripheral 
duvo pins 682 (only one of which is shown in FIG. 31) 
arc loosely captured in paired drive pin holes 685 and so 
686 in the conditioner head bearing element 620 and 
the conditioner head drive shaft 656 to prevent any sub- 
stantial azimuthal motion therebetween. That is, the 
drive pin holes 686 in the conditioner head shaft 656 do 
not tightly capture the drive pins 682 in a polar direction ss 
so as to allow the limited nutation of the conditioner head 
shaft 656 with respect to the conditioner head bearing 
element 620, but they capture the drive pins 682 laterally 



to prevent substantial relative azimuthal rotation. 

The gimballing of the conditioner head allows pla- 
nar rotational drive for the conditioning disk of the con- 
ditioner head but allows the conditioner head to tilt 
somewhat from the normal to the polishing pad being 
conditioned. The gimbal drive, because of its low center 
of rotation : prevents differential conditioning of the sub- 
strate therebeneath. 

The outer races of two annular bearings 688 are 
spaced by an outer annular spacer 690 and held by a 
top outer collar 692 screwed to a bottom outer collar 694 
with a biasing annular spring 696 between the lower an- 
nular bearing 688 and the bottom outer collar 694. The 
top outer collar 692 includes a lower, outer skirt 693, 
which presents a labyrinthine path for slurry and other 
contaminants from reaching the bearings 688 support- 
ing the conditioner head shaft 656. 

This assembly is suspended by screws 1602 coun- 
tersunk into a generally U-shaped arm body 1604 and 
tapped into a lower flange 1608 of the upper collar 692. 

In assembly the lower part of the conditioner head 
is raised into the center of the annular bearings 688 with 
the inner race of the lower annular bearing 688 resting 
on a ledge 1610 of the conditioner head shaft 656. An 
inner spacer 1 6 1 2 separates the inner races of the two 
annular bearings 688. The inner race of the upper an- 
nular bearing 688 is captured by a cornice 1614 of a 
toothed sheave 1616. A bolt 1618 presses the sheave 
1616 as it is threaded into the conditioner head shaft 
656 and holds the inner races of the annular bearings 
688. 

Conditioner Arm and Support 

Referring to the full cross section of FIG. 29, the en- 
larged cross section of FIG. 35 and the partial perspec- 
tive of FIG. 34, the conditioner arm 62 supports and rais- 
es the conditioner head 64, sweeps it across the pad 54 
being conditioned, and encloses the belt assembly pow- 
ering the conditioner head 64. 

The arm body 1604 includes a distal end wall 1618 
and a channel cover 1620 screwed into the arm body 
1604 to form a housing 1622 enclosing the drive belt 
assembly and protecting ft from contamination by the 
slurry. The drive belt assembly includes a toothed drive 
belt 1624 wrapped around the toothed head sheave 
1616 attached to the conditioner head 64 and also 
around a toothed drive sheave 1626 in the arm support 
65. A toothed drive belt 1 624 is required because of the 
varying torque required of the drive belt 1 624 as the con- 
ditioner head 64 conditions different surfaces. 

As shown in FIGS. 34 and 35, the rotatable support 
housing 1630 rotatably supports a proximal end 1632 of 
the arm body 1604 about a horizontal nutation axis 
1634. The vertically extending support housing 1630 in- 
cludes two flats 1 636 in which are tapped four respective 
retaining holes 1 638, When the flats 1 636 of the support 
housing 1 630 are located within the channel 1 622 of the 



29 



iDOCID: <EP. 



0774323A2_l_> 



57 



EP 0 774 323 A2 



58 



arm body 1 604, two shaft bases 1 640 having respective 
stub shafts 1642 are attached onto the flats 1636 by 
screws held in holes 1644 countersunk in the flanges of 
the shaft bases, and the screws are threaded into the 
retaining holes 1638 in the support housing 1630. The 
outwardly extending stub shafts 1642 are rotatably sup- 
ported by the inner races of spherical bearings 1646 so 
as to be self -aligning and to accommodate misalign- 
ment between the stub shafts 1642. The outer races of 
these bearings 1646 are attached to bearing cover 
plates 1 648, which are fixed to vertical skirts 1 650 of the 
arm body 1604 by screws passing through bore holes 
1652 in flanges of the bearing cover plates 1648 and 
threaded into tapped holes 1654 in the arm skirts 1650 
to thereby establish the horizontal nutation axis 1634. 

Thereby, the proximal end 1632 of the conditioner 
arm body 1604 is pivotably supported about the hori- 
zontal nutation axis 1634, and the conditioner arm body 
1604 is also rotatable in the horizontal plane by the ro- 
tation of the support housing 1630. 

The rotation of the conditioning arm 62 about the 
horizontal nutation axis 1 634 is effected by an hydraulic 
ram 1656 connected to a pin caught in two horizontally 
holes 1658 of a yoke 1660 extending from the back of 
the arm body 1 604 and also connected to a pivot support 
plate 1 662 that is attached to and rotates with the shaft 
housing 1630. Extension or retraction of the hydraulic 
ram 1656 either presses the conditioner arm 62 and the 
attached conditioner head 64 toward the polishing pad 
54 with a specified pressure as controlled by the pres- 
sure provided to the hydraulic ram 1656 or alternatively 
raises the conditioner arm 62 and head 64 away from 
the polishing pad 54 for storage or maintenance. 

As illustrated in FIGS. 34 and 35, the drive sheave 
1 626 for the belt 1 624 is fixed to an upper end of a drive 
shaft 1664 at a point above the horizontal nutation axis 
1634. The drive shaft 1664 passes vertically within the 
shaft housing 1630. At its upper end, it is connected to 
the pivot support plate 1 662 and a skirt 1 663 protecting 
the bearings, its lower end holds a gear 1665 which is 
coupled to a gear 1667 on the output shaft of a condi- 
tioner head motor 1666 to provide the motive power for 
the rotation of the conditioning disk 612. The conditioner 
head motor 1666 is mounted on a motor bracket 1676 
fixed to the table top 23. 

As a result of the geometry , the actuator 1 656 does 
not cause the drive sheave 1626 to pivot with the con- 
ditioner arm body 1604; however, the head sheave 1616 
does pivot with the conditioner arm body 1604. There- 
fore, because of the offset between drive sheave 1626 
and the nutation axis 1634, the tension in the drive belt 
1624 mounted between the drive sheave 1626 and the 
head sheave 1 61 6 is reduced as the conditioner arm 62 
is raised and is increased as the conditioner arm 62 is 
lowered. (The variations of tension with tilt angle would 
be opposite if the drive sheave 1 626 were located below 
the nutation axis 1634.) The arrangement of the drive 
sheave 1626 offset above (albeit slightly) the center 



1634 of vertical pivoting, also has an effect on the ten- 
sion in the drive belt 1 624. As the arm 62 pivots down- 
ward toward the polishing pad 54, the tension in the belt 
1624 increases, and, as the arm 62 pivots away from 
s the polishing pad 54, the tension in the belt 1624 de- 
creases. This increase and decrease in belt tension will 
combine with the force from the hydraulic ram 1656 to 
affect the pressure of the conditioner head 64 on the 
polishing pad 54. The increase of tension of the belt 
10 1624 will oppose the force generated by the hydraulic 
ram 1656 tending to press the conditioning head 64 to- 
ward the polishing pad 54. An increase in tension will 
tend to lift the arm 62, while a decrease in tension will 
tend to let the arm 62 press with greater force toward to 
is the underlying polishing pad 54. 

In this arrangement, a constant coefficient of friction 
between the conditioner head 64 and the polishing pad 
54 will provide a certain nominal tension in the drive belt 
1624, which together with the force from the hydraulic 
ram 1656 provides a certain nominal pressure between 
the conditioner head 64 and the polishing pad 54 regard- 
less of small variation in the height of the interface be- 
tween the conditioner head 64 and the polishing pad 54. 
If the friction between the conditioner head 64 and the 
polishing pad 54 increases, as in those instances when 
a rough polishing pad surface is encountered (which re- 
quires no additional roughening/conditioning as the sur- 
face is already rough), the increase in the coefficient of 
friction will cause an increase in the force needed tocon- 
tinue to rotate the conditioning head 64 at a constant 
speed. The increase of force will cause the tension in 
the conditioner drive belt 1624 to increase, thus tending 
to raise the conditioner head 64 off the polishing pad 54 
to thereby reduce the pressure and thus abrasion of the 
conditioner head 64 on the polishing pad 54. Converse- 
ly, when the conditioner head 64 encounters an area 
having a low coefficient of friction, such as a glazed area 
on the surface of the polishing pad, resistance to rotation 
of the conditioner head 64 will diminish, thereby dimin- 
ishing the tension in the conditioner head drive belt 
1624. The reduction of tension will reduce the force of 
the drive belt 1624, thereby tending to lower the condi- 
tioner arm 62 and thereby causing the conditioner head 
force on the polishing pad to increase, to bite more into 
the polishing pad, and to thus provide additional condi- 
tioning at these location of glazing or low coefficient of 
friction. 

The drive sweep motor 1670, shown in FIGS. 29 
and 35 sweeps the conditioner arm 62 in an oscillatory 
path across the polishing pad 54 between its center and 
its perimeter. The drive sweep motor 1670 is mounted 
to the motor bracket 1 676 at the bottom of the table top 
23. A gear 1 672 on its output shaft is coupled to a rim 
drive gear 1674 of the harmonic drive 1668, which mul- 
tiplies the transmitted torque. An exemplary harmonic 
drive for the pad conditioner 60 is available from Har- 
monic Drive Technologies. Teijin Seiki Boston. Inc. of 
Peabody, Massachusetts in unit size 25. The belt drive 
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shaft 1 664 passes along the central axes of the harmon- 
ic drive 1668 and the rim gear 1674. The high-speed, 
low-torque side of the harmonic drive 1658 is fixed to 
the motor bracket 1676, and the low-speed, high-torque 
side is fixed to the shaft housing 1630. 

The conditioner arm 62 is horizontally turned 
through the set of stub shafts 1642, bolted between the 
arm body 1604 and the shaft housing 1630, as dis- 
cussed above. A conditioner head motor 1666 is con- 
nected to the drive shaft 1664 through a set of gears in 
a gear housing 1 672 fixed to the table top 23. The drive 
shaft rotates the drive belt 1624, the conditioner head 
64, and hence the conditioning disk 612. 

The pad conditioner 60 of FIGS. 29 through 35 can 
be used in a number of different modes, all controllable 
and selectable by the software incorporated into the 
controller computer for the polishing system. 

The polishing pad 54 can be conditioned while pol- 
ishing is interrupted at that pad. The wafer head 110 is 
withdrawn to its radially innermost position, its bottom- 
most portion is raised so as to separate any wafer held 
in the wafer head 110 above the pad surface, and the 
platen 52 rotates as the conditioner arm 62 sweeps the 
rotating conditioner head 64 in contact with and across 
the rotating pad 54 from its periphery to its center. 

Alternatively, the polishing pad 54 can be condi- 
tioned while polishing continues at that pad, that is, in 
real time. The sweep of the conditioning head 64 gen- 
erally extends across the outer portions of the pad 54 
(as viewed from the center of the table top 23) while the 
wafer head 110 and its wafer 40 are swept across the 
inner portions. Nonetheless, the two sweeps may need 
to be synchronized to avoid collision. Synchronization 
is obviously required for real-time pad conditioning per- 
formed concurrently with over-center polishing since the 
wafer head 110 passes over and past the pad center 
54a and this portion of the pad 54 requires conditioning. 

Conditioner Head Cleaning Cup 

The conditioning disk 614 of the conditioner head 
64, as it sweeps across the polishing pad 54, tends to 
become covered with slurry on its abrasive face and out- 
er surfaces adjacent to the polishing pad 54. While the 
conditioner head 64 is operating on the wet surface of 
the polishing pad 54, slurry which is present on the sur- 
faces of the conditioner head 64, does not have time to 
dry and is easily replenished by new wet slurry particles 
as the conditioning process continues. However, during 
times of inactivity, for example, when the conditioning 
head is stored during polishing but most particularly 
when the entire apparatus is not operating for a variety 
of reasons such as maintenance, the conditioner head 
will tend to dry out and the slurry that is coated onto the 
conditioner head tends to form a rock-hard cake or 
cause the sodium hydroxide in the slurry to crystallize 
on one of the surfaces of the conditioner head. It is then 
difficult to remove the caked-on slurry or cause the crys- 



tallized sodium hydroxide to return to a solution. 

To obviate this problem, as shown in the general 
plan view of the table top 23 in FIG. 1 8, a cleaning cup 
assembly 68 is associated with each polishing station 
s 50a, 50b, and 50c to store the inactive conditioner head 
64 in an aqueous environment. 

As illustrated schematically in cross section in FIG. 
36 A, each cleaning cup assembly 68 includes a clean- 
ing cup 2610 that is mounted to a shaft of a motor 261 2 
which can rotate the cleaning cup 2610 to an inactive 
position at which the conditioner arm 62 lowers the con- 
ditioner head 64 into the cleaning cup 2610 when the 
conditioner head 64 is to be stored. A more complete 
illustration of the structure including the fluid lines is 
shown in FIG. 37. The inactive position is illustrated in 
the plan view of FIG. 18 for the polishing station 50c. 

As illustrated in FIG. 36B, when the conditioner 
head 64 is to be returned to operation to condition the 
polishing pad 54, the conditioner arm 62 lifts the condi- 
tioner head 64 out of the cleaning cup 2610. Then, as 
illustrated in FIG. 36C, the motor 261 2 rotates the clean- 
ing cup 261 0 to inactive position, also illustrated in plan 
view in FIG. 18 for polishing stations 50a and 50b. Re- 
turning to FIG. 36C, the conditioner arm 62 then lowers 
the conditioner head 64 onto the polishing pad 54 
mounted on the platen 52. When the conditioning oper- 
ation is completed, the conditioner head 64 is raised and 
the washing cup 2610 is swung back to the position of 
FIG. 36B, at which position the conditioner head 64 is 
lowered back into the cleaning cup 2610, as in FIG. 36 A, 
for storage so that the slurry and sodium hydroxide at- 
tached to the conditioner head 62 remain in solution or 
are diluted and removed. 

The washing cup assembly 68 is illustrated in cross 
section in FIG. 37, and the washing cup 261 0 is illustrat- 
ed in plan view in. FIG. 38. The washing cup 2610 in- 
cludes a central basin 2614 defined by a nearly circular 
weir 2616 of sufficient size and depth to receive the bot- 
tom part of the conditioning head 64. The weir 2616 is 
shaped to provide a longitudinal slip 2618 having at its 
outside end an aperture to a vertically extending wash 
supply line 2620 having a diameter of 1/8° (3.2mm). Wa- 
ter or another cleaning solution is circulated through the 
cup 2610 from the wash supply line 2620. It is possible 
that, as the conditioning head 64 is lowered into the ba- 
sin 261 4 of the washing cup 261 0, the conditioning head 
64 would splash the wash solution contained therein. 
Therefore, it is recommended that., prior to lowering of 
the conditioning head 64 into the washing cup 261 0, the 
basin 2614 be drained through the vertical supply pas- 
sage 2620, which can be accomplished by plumbing 
and three-way valves connected to the supply line 2632. 

A perimeter drain 2622 is formed between the out- 
side of the weir 2616 and a slightly higher, surrounding 
dam 2624. Both ends of the perimeter drain 2622 extend 
outwardly parallel to the slip 2618 to two drain holes 
2625 joined to a common vertically extending drain pas- 
sage 2626 having a diameter of 1/4" (6.4mm). Whatever 
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fluid overflows the basin 2614 is captured in the perim- 
eter drain 2622 and is drained away through the drain 
passage 2626. 

The washing cup 2610 is mounted on its support 
side to a rotatable shaft 2628, also formed with the ver- s 
tical supply and drain passages 2620 and 2626, and the 
passages 2620 and 2628 between the shaft 2628 and 
the washing cup 2610 are sealed by un illustrated seals 
in recess. The shaft 2628 is mounted through the table 
top 23 by a support bearing 2630. Since the rotation of 10 
the washing cup 261 0 is relatively limited, flexible supply 
and drain lines 2632 and 2634 can be directly connected 
to the respective passages 2620 and 2626 in the shaft 
2628 through connections 2636 and 2638. The washing 
liquid drained through drain line 2634 can either be dis- is 
posed of or recycled through the supply line 2632. To 
prevent splashing, it is preferred that the central basin 
2614 be drained while the washing cup 2610 is being 
moved and when the conditioner head 64 is lowered into 
the washing cup 2610. The central basin 2614 can be 20 
drained through the wash supply line 2620 and the flex- 
ible supply line 2632 with a three-way valve being con- 
nected on the flexible supply line 2632 to change be- 
tween the wash fluid source and the drain. The motor 
261 2 is fixed to the bottom of the table top 23 with a 25 
brnckot 2640 and is geared to a side of the shaft 2628 
through unillustrated gearing. 

Because of the greater height of the outside dam 
?r>?4 as shown in FIG. 37, there is usually no loss of 
find if om the cleaning cup assembly, and fresh cleaning 30 
uoiui on is supplied or circulated as required to keep the 
clearing solution fresh so that the conditioner head 64 
l.:m be stored indefinitely without slurry or chemical 
crystal cnking and creating a problem on the surface of 
tru? conditioner head. 35 

Fiqurcs 39A, 39B, and 39C show the relative mo- 
tions o1 the conditioner arm 62, the wafer head 64, and 
the polishing platen 52 with respect to the cleaning cup 
^scmbiy 68. Figures 39A, 39B : and 39C correlate to 
tho positions of the conditioning arm 62 in FIGS. 36A, 40 
3GB *nd 35C In this embodiment of the use of the in- 
vention the conditioner head 64 sweeps across the pol- 
rohmq psatcn 52 in a coordinated motion with the wafer 
hc^d 110 during the simultaneous polishing and condi- 
tioning operation. The coordination is required to avoid 45 
in:crtcrence with the wafer head 110 as it radially oscil- 
lates in the slot 910 of the carousel support plate 90. 

In the plan view of FIG. 39A, the wafer head 110 is 
gun ei ally centered on the polishing pad 54 with the con- 
ditioner arm 62 located in its storage position with the so 
conditioner head cleaning cup assembly 68 surrounding 
the conditioner head 64. 

In FIG. 39B, the conditioner arm 62 is being pivoted 
vertically out of the cleaning cup assembly 68 and a 
phantom line 2640 shows the extreme outer position of 55 
both the wafer head from an inner extreme to an outer 
extreme without overlapping the platen edge while an- 
other phantom line 2642 shows a similar oscillation be- 



tween inner and outer extremes for the conditioning arm 
62 

In FIG. 39C, the cleaning cup assembly 68 has 
been moved out of the path in which the conditioner arm 
62 travels during its oscillating swing across the polish- 
ing pad 54 from the center to the edge and back. Note 
that the wafer head 110, the conditioner head 64, and 
the platen 52 all rotate in the same (clockwise) direction. 
Figure 39C shows an outer extreme position of the wafer 
head 110 when the head is allowed to hang over the 
edge of the platen 52. The retaining ring portion of the 
wafer head 110, but not the wafer held by wafer head, 
is allowed to hang over the edge of the platen 52. 

In an alternative process, the conditioning and pol- 
ishing steps are separated. During the polishing proc- 
ess, the conditioner head 64 is stored in the storage cup 
assembly 68, as generally illustrated in FIG. 39B, while 
the wafer head 11 0 is sweeping the wafer 40 across the 
rotating polishing pad 54. During the conditioning proc- 
ess, as generally illustrated in FIG. 39C, the wafer head 
110 is stored at its innermost position nearest the center 
of the carousel 70 and above the rotating pad 54. The 
conditioner head 64 is lifted from the storage cup as- 
sembly 68, which is rotated to a non-interfering position, 
and the conditioner head 64 is swept over the rotating 
pad 54 to thereby condition it. When the pad condition- 
ing is completed, the cup assembly is rotated back to a 
position at which the conditioning head 64 is returned to 
be stored in it. 

Wafer Transfer Alignment and Cleaning Station 

Referring back to FIGS. 1 and 2, the transfer station 
70 serves the multiple purposes both of transferring the 
wafer back and forth between the loading apparatus 30 
and the polishing apparatus 20 and washing the wafer 
after its polishing has been completed. Figure 40 shows 
an enlarged perspective view of the wafer transfer sta- 
tion 70, which is raisable with respect to the table top 
23. A wafer transfer pedestal 72 has a top surface ex- 
tending generally horizontally to which a thin elastomer- 
ic film 722 is adhered for gently supporting a wafer on 
top of the pedestal 72 without scratching its principal 
surface. Three fork assemblies 74 are disposed around 
one vertical position of the pedestal 72 to laterally align 
the wafer supported on the pedestal 72. The pedestal 
72 is vertically retractable within a washing shroud 76 
so that, when three washing assemblies 77 attached to 
the shroud 76 jet rinse fluid toward the wafer, pedestal, 
or wafer head, the rinse fluid is contained within the 
shroud 76. The shroud 76 is also vertically raisable with 
respect to the table top 23. 

Figure 41 shows a plan view of the top of the platen 
and of the washing shroud. Figures 42 and 43 show per- 
spective views at two different angles similar to FIG. 40, 
but partly in cross section to show the operation of the 
forks and water nozzles. Figure 44 shows a detailed 
cross-sectional view of the pedestal area of the transfer 
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station. The shroud 76 is supported on and sealed to a 
generally cylindrical basin shaft housing 78 while the 
pedestal is threaded on and supported by a tubular ped- 
estal column 79 extending vertically within the basin 
housing 78. s 

Wash and Vacuum Ports on Pedestal and in Wash Basin 

The pedestal 72 of the transfer station 70, as illus- 
trated in the plan top view of FIG. 41 and the cross sec- to 
tion of FIG. 44, includes both central ports 724 and mul- 
tiple offset ports 726 on the top surface of the pedestal 
72 offset from its center and penetrating the elastomeric 
film 722. That is, the ports 724 and 726 for water and 
vacuum open through the top of the pedestal 72 and the ts 
elastomeric film 722. The ports 724 and 726 are con- 
nected to lateral passageways 728 in the pedestal 72 
(only two of which are illustrated in the cross section of 
FIG. 44) connecting to a vertical passageway 730 in op- 
position to a central passageway 732 in the tubular ped- 20 
estal column 79. Either pressurized wash fluid or a vac- 
uum is applied to the bottom of the central passageway 
732 in the pedestal column 79 through a flexible fluid 
hose 736 detachably coupled to the pedestal column 79 
through a threaded union 738. In order to avoid contam- 2s 
ination of the vacuum source with the wash fluid, a vac- 
uum generator and a three-way valve are connected to 
the flexible line 736 at its junction with the vacuum line 
and the wash supply line. The vacuum generator uses 
water pressure to generate a generate a vacuum. An 30 
exemplary vacuum generator is a Model L10 vacuum 
pump available from PI AB of Hingham, Massachusetts. 
Through the three-way valve, the central passageway 

723 of the pedestal column 79 and its associated ports 
can be supplied with pressurized liquid or a vacuum with 35 
reduced possibility of the vacuum source being contam- 
inated with the liquid. 

As shown in the plan view of FIG. 41 and in the side 
sectional view of FIG. 49A, disk tip nozzles are screwed 
into the ports 724 and 726, preferably Model 680.345.1 7 40 
available from Lechler of St. Charles, Illinois. A one-way 
check valve, to be described later, is installed in the cen- 
tral port 724 to prevent wash fluid from being ejected 
therefrom but to allow vacuum to be pulled at the central 
port. When a pressurized cleaning solution is supplied 45 
through the offset ports 726, the upwardly directed liquid 
cleans a bottom surface of a wafer head 110 and any 
wafer adhered thereto. When a wafer is in contact with 
the elastomeric film 722, a vacuum supplied to the ports 

724 and 726 seals the wafer tightly to the top of the ped- so 
estal 72. 

The three washing assemblies 77, illustrated both 
in perspective and cross section in FIG. 43, are dis- 
posed at about 1 20° intervals about the pedestal 72 and 
generally disposed in the periphery of the shroud 76 be- 55 
neath a porch roof 740 and inside an outer wall 741. 
Each washing assembly 77 includes a lower member 
742 fixed to an inside bottom 743 of the basin 76 and 



having a radial passageway 744 connecting to a first 
tapped nozzle hole 746 through a vertical passageway 
748. The washing assembly 77 further includes an up- 
per member 750 fixed on the lower member 742 and 
having its own vertical passageway 752 sealed to the 
other vertical passageway 748 and connecting to a sec- 
ond tapped nozzle hole 754. Respective flat-spray noz- 
zles are screwed into the nozzle holes 746 and 754 with 
their respective slit orientations chosen to optimize the 
overall spray pattern. The lower nozzle hole 746 has a 
longitudinal axis directed upwardly by about 30° with re- 
spect to the horizontal plane of the pedestal 72, and the 
upper nozzle hole 754 has its longitudinal axis directed 
downwardly by about 15°; that is, the two nozzle holes 
746 and 754 are offset from the plane of the wafer 40 
by an angle in the range of approximately 10° to 45°. 
The offset of these two spray patterns may be arranged 
to intersect near to or outside the periphery of the ped- 
estal 72 so as to more effectively wash the empty ped- 
estal 72 and the wafer held by the polish. 

As shown both in FIGS. 43 and 44, each washing 
assembly 77 further includes a supply tube 756 connect- 
ed to the radially inner end of the lower member 742 and 
sealed to its radial passageway 744. The supply tube 
756 of each washing assembly 78 runs vertically down 
the inside of the basin housing 78 to its lower end. At 
this point, it is joined to a passageway 758 in a lower 
collar 760 that has a tapped hole on its outer wall for a 
threaded connection to a flexible line for the wash fluid. 

Thus, wash fluid can be independently supplied to 
the three generally horizontally oriented peripheral 
washing assemblies 78 and to the vertically oriented 
ports 726 on the top of the pedestal 72. The washing 
fluid from either source is substantially contained within 
the basin shroud 76 when the wafer head 110 is posi- 
tioned over the transfer station 70 and the basin shroud 
76 and associated washing assemblies 77 are raised to 
place the wafer head 110 and the attached wafer inside 
the porch roof 740 of the basin shroud 76. Excess wash- 
ing fluid and entrained slurry are caught within the basin 
shroud 76 and drain downwardly toward the bottom of 
basin housing 78 where a drain passage 759 penetrates 
the bottom of the basin housing 78 and the collar 760 
and connects to a drain pipe 761 . 

The raising of the basin shroud 76 around the wafer 
head 1 1 0 reduces the vertical stroke required of the wa- 
fer head 110. This short stroke contributes to a simpler 
and lighter design for the wafer head. 

Wafer Alignment Forks 

As illustrated generally in FIG. 40 and as will be ex- 
plained in more detail later, the three fork assemblies 74 
are used to align the wafer head 110 relative to the 
washing station 70 and its pedestal 72 after the wafer 
40 has been loaded onto the pedestal 72 by the wafer 
transfer paddle. Then, the pedestal 72 is slightly lowered 
and the basin shroud 76 with attached fork assemblies 
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74 is significantly raised to laterally surround the pedes- 
tal 72, wafer 40, and the lower portion of the wafer head 
110. Only after the centering is completed is the wafer 
40 loaded into the wafer head 110. 

Figure 41 also shows in plan view the triangular ori- 
entation of the three wafer alignment fork assemblies 
74. As additionally shown in the perspective view of FIG. 
42, the expanded perspective and partially sectioned 
view of FIG. 45, and in the cross-sectional view of FIG. 
44, each fork assembly 74 includes a fork 762 rotatable 
within a limited angular range and having a pair of align- 
ment tines 764 for abutting the edge of the wafer to be 
centered. The fork 762 rotates on the distal end of a ra- 
dially extending fork arm 766 having its proximal end 
fixed to a vertical rib 76B extending down the interior of 
the basin housing 78. The lower end of the rib 768 is 
hinged about a shaft 769 to a wing 770 of a support 
sleeve 772 : to be described later, that is fixed to the ba- 
sin housing 78. A pneumatic cylinder 774 is fixed to a 
side of the outside of the basin housing 78 and has an 
output shaft 776 penetrating the basin housing 78 and 
having on its shaft end a coupling threaded into a middle 
portion of the vertical rib 768. Although the present de- 
sign dedicates one pneumatic cylinder 774 to each rib 
768 and associated fork assembly 74, the design could 
easily be modified to actuate the three ribs 768 with one 
pneumatic cylinder. 

The pneumatic actuation and deactuation of the 
fork pneumatic cylinder 774 controls the radial position 
of the fork 762 relative to the wafer on the pedestal 72. 
Actuation presses the rib 768 radially inward so as to 
cause the fork 762 to approach and possibly touch the 
wafer on the pedestal 72. Deactuation pulls the rib 768 
radially outward so as to withdraw the fork 762 from the 
pedestal 72. It is noted that the geometry couples radial 
motion of the forks 762 with an axial motion of them so 
that the forks 762 rise as they approach a wafer 40. The 
fork pneumatic cylinder 774 is spring loaded so as to 
present a varying load to the pneumatic cylinder 774 and 
thus to allow a finer pneumatic control of position. A de- 
tent screw 778 is threaded from the bottom through a 
radially inner portion of the fork arm 766 so as to provide 
a vertically adjustable lower stop to the fork arm 766 and 
thus limit the radially outward travel of the fork 762. 

As best illustrated in FIGS. 42 and 45, the fork 762 
of the fork assembly 74 is rotatably supported on a fork 
rotation shaft 780 fixed to and extending vertically up- 
ward from the distal end of the fork arm 766. Two bush- 
ings 782 (only one of which is illustrated in FIG. 45, seize 
the yoke of the fork 762 and provide free rotation in the 
horizontal plane relative to the fork rotation shaft 780. 
The free rotation of the fork 762 allows the fork 762 to 
approach a badly misaligned wafer with minimal scrap- 
ing action and thus provide six points of contact rather 
than three. 

Two bumper assemblies 784 are rotatably support- 
ed about vertical axes generally radially in back of the 
fork tines 764. Each bumper assembly 784 has two ball 



bearings allowing free rotation in the horizontal plane of 
a knob-shaped bumper 786. The bumper 786 engages 
the side of the wafer head 110, which may not be pre- 
cisely aligned with the pedestal 92 of the washing station 

s 70. After a fork 762 has initially contacted the side of the 
wafer 110 with both its tines 764, further inward retrac- 
tion of the fork assemblies 74 causes the unbraked car- 
ousel support plate 906 to rotate in the required direction 
so as to bring it into proper alignment with the pedestal 

10 72. Only then is the carousel 90 locked in place. The 
bumper 786 also realigns any badly misaligned wafer 
40. 

The cantilevered design of the fork arm 766 and rib 
768 pivoted about a remote shaft 769 has the disadvan- 
'5 tage that the long moment arm and limited rigidity of the 
intervening support structure would allow the fork 762 
to wander in both the circumferential and vertical direc- 
tions. To prevent such wander but without preventing the 
substantially free movement of the fork assembly 74, 
each of three alignment fork assemblies 790 is screwed 
into a respective recess of and fixed to the outer wall 
741 of the wash basin 76 at a circumferential positions 
separated by 120° and axial positions. These positions 
correspond to a post 792 fixed to and downwardly de- 
scending from the fork 762 at a position radially inward 
from both the fork rotation shaft 780 and the bumpers 
786. The alignment fork assembly 790 has two tines 794 
extending radially inward from the basin wall 741 so as 
to very loosely capture the downwardly descending post 
792 of the fork rotation shaft 780 and thereby prevent 
the fork 762 from wandering in the circumferential direc- 
tion by rotating beyond certain predetermined rotational 
limits. The fork 762 rotates about its bushing 782 within 
the tines 794 until its rotation is stopped by the post 792 
engaging one or the other of the tines 794. 

The above design for the wafer suppport, in which 
the process side of the wafer lies on the pedestal, runs 
counter to the conventional design philosophy of not un- 
necessarily contacting the process side of a wafer. An 
alternative design that avoids such contact includes 
three fingers extending upwardly from the face of the 
pedestal and positioned to engage either the rim of the 
wafer or the outermost periphery of the process side of 
the wafer. Ledges or tapers face inwardly at the upper 
tips of the fingers to promote alignment of the wafer with 
the fingers. Thereby, the central portion of the process 
side of the wafer is left suspended over the pedestal. A 
reflective optical sensor is incorporated into the face of 
the pedestal to sense when a wafer has been placed on 
the fingers. 

Transfer Station Support and Movement 

As previously mentioned and as best illustrated in 
the cross section of FIG. 44, both the transfer pedestal 
72 and the wash basin 76 are independently movable 
vertically with respect to the table top 23 of the machine 
base 22. 
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The basin housing 78 freely passes through an ap- 
erture 1712 in a shoulder 1714 fixed on top of the table 
top 23. A pneumatic cylinder 1716 is fixed to a side of 
the lower end of the basin housing 78. Its output shaft 
1718 extends vertically upwards, and its foot 1720 is 5 
captured in a jaw 1 722 attached to the bottom of the 
shoulder 1714 through a plate 1724. The basin pneu- 
matic cylinder 1716 thus provides for relative motion of 
the basin housing 78, and the elements attached thereto 
relative to the table top 23. The pneumatic cylinder 1716 10 
also moves the pedestal 92 but separate motive means 
moved by the pneumatic cylinder 1716 can move ped- 
estal 92 independently of the basin housing 78. An un- 
illustrated vertical rail is attached to the shroud 1714, 
and an un illustrated hand attached to the basin housing '5 
78 engages the rail so as to provide lateral stability to 
the basin housing 78 as it is being vertically moved by 
the basin pneumatic cylinder 1716. 

A bottom inward lip 1726 of the basin housing 78 
supports the bottom of the support sleeve 772 extending 20 
upwardly within the basin housing 78. Two cylindrical 
tursite bushings 1728 and 1730 are interposed between 
the support sleeve 772 and the pedestal column 79 so 
as to support it in the lateral direction but to freely guide 
it in the vertical direction. The upper bushing 1728 is 2s 
pressed downwardly against the support sleeve by a 
collar 1732 screwed into the sleeve 772. The lower 
bushing 1730 only abuts a lower end of the support 
sleeve 772 and is held thereagainst and against the ped- 
estal support column 79 by the lower collar 760. An un- 30 
illustrated set of bolts pass through the lower collar 760, 
the lower lip 1726 of the basin housing 78, and are 
threaded into the lower end of the support sleeve 772 
so as to rigidly join the basin housing 78 and the support 
sleeve 772. As mentioned previously, for each fork as- 35 
sembly 74, the rib 768 is pivoted on the shaft 769 pass- 
ing through the wing 770 at the lower end of the support 
sleeve 772. 

The pedestal column 79 and thus the pedestal 72 
is movably held to the bottom of the basin housing 78 40 
by a three-legged spider 1 740 shown additionally in per- 
spective in FIG. 46 The spider 1 740 is rigidly held to the 
pedestal column by two O-rings 1742, shown in the en- 
larged cross section of FIG. 44A : with a wedge-shaped 
spacer 1743 placed therebetween, all placed in an an- 45 
nular recess 1744 having a lower tapered edge. Axial 
compression forces the O-rings 1 742 into elastic contact 
with the spider 1740, the wedge-shaped spacer 1743, 
and the pedestal column 79, thereby fixing them togeth- 
er. The lip of an overlying collar 1 746 is biased by screws 50 
against the spider 1 740 so as to force the O-rings 1742 
into the acute points of the respective tapers and there- 
by radially engage the pedestal column 79 and prevent 
any relative motion therewith. 

As illustrated in both FIGS. 44 and 46A, each leg 55 
1 750 of the spider 1 740 has at its distal end a jaw struc- 
ture comprising a lower jaw 1 752 and a bifurcated upper 
jaw 1754 with a slit 1755 between the two teeth of the 



upper jaw 1 754. A spider support shaft 1 756 passes be- 
tween the teeth of the upper jaw 1 754 and has attached 
to its lower end a foot 1758 that is engaged between the 
lower and upper jaws 1 752 and 1 754. 

The spider support shaft 1756 is the vertically ori- 
ented output shaft of a pneumatic cylinder 1760 at- 
tached to a side of the basin shaft housing 78. Thus, the 
actuation of the pedestal pneumatic cylinder 1 760 caus- 
es the pedestal 72 and the wafer supported thereon to 
move vertically with respect to the wash basin. Three 
guide posts 1762 pass through bushings 1764 in the 
arms 1750 of the spider 1740. The upper ends of the 
guide posts 1 762 are fixed to the lower collar 760 of FIG. 
44 fixed to the basin shaft housing 78 to thus provide 
stability to the movement of the spider 1 740 and at- 
tached pedestal 72. 

The above support and motive mechanism used 
three pneumatic cylinders 1 760 to move the pedestal, 
but it could be easily redesigned tor only one such pneu- 
matic cylinder. 

Wafer Loading to Transfer Stations 

In loading a wafer 40 into the polishing system 20 
from the loading system, as illustrated in FIG. 47 A, the 
washing basin 76 and its attached elements are lowered 
away from the virtually vertically stationary wafer head 
110, and the pedestal 72 is lowered somewhat to a po- 
sition such that the transfer robot blade 38 with the wafer 
attached to its lower side (by a process and with appa- 
ratus to be described later) can pass beneath the verti- 
cally stationary wafer head 1 1 0 and above the pedestal 
72. When the wafer blade 38 is centrally located, the 
pedestal 72 is raised so that its elastomeric surface 722 
can gently receive the wafer 40. Thereafter, the pedestal 
72 is lowered and the wafer blade 38 is withdrawn. As 
is illustrated, the wafer 40 may initially be badly mis- 
aligned with the pedestal 72. 

In loading a wafer, the transfer washing basin 
shroud 76 and its internal pieces are lowered away from 
the wafer transfer pedestal 72. A robot blade 38, with 
vacuum chucking holes on its bottom holding the wafer 
40, moves the wafer 40 into position, and positions the 
water 40 face down above the top of the pedestal 72 
extending above the washing basin 67. The pedestal 72 
is then raised to contact the wafer surface and the wafer 
is released from the robot blade 38. The pedestal is low- 
ered, or the robot blade is raised slightly, to avoid contact 
between the wafer and the robot blade as the robot 
blade 38 is horizontally rotated out from between the wa- 
fer head 110 and the pedestal 72. The wafer head 110 
and the washing basin shroud 76 are then raised (FIG. 
47B) to surround the perimeter of the wafer head 110. 

Thereafter, as illustrated in FIG. 47B, the pedestal 
72 is raised somewhat but the basin 76 is substantially 
raised so as to surround the virtually stationary wafer 
head 110 and the wafer 40 deposited on the pedestal 
72. During this operation, the wafer alignment assem- 
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blies 74 are in their relaxed, radially outward positions. 
When the basin shroud 76 has been raised so that the 
wafer 40 is horizontally aligned with the tines 764 of the 
forks 762, the fork pneumatic cylinders 774 are actuated 
to cause the fork 764 tines to move toward the center of 
the pedestal 72 and approach if not touch the periphery 
of the wafer 40 supported on the pedestal 72. The forks 
764 will move radially inwardly until their bumper 786 
contacts the outside of the wafer head 1 1 0. This contact 
will both cause the two-tined fork 762 to circumferential- 
ly align about the fork pivoting post 780. As illustrated 
in FIGS. 48A and 48B, further radially inward motion will 
align the wafer head 110 with the center 72a of the ped- 
estal 72 and will also cause the tines 764 to align the 
center 40a of the wafer 40 with the center 72a of the 
pedestal 72. The tine 764 initially contacting the wafer 
40 will pivot back until the opposed tine 764 in the same 
fork 762 also contacts the wafer 40. Thereafter, the two 
tines 764 will push the already generally centered wafer 
40 toward the other two forks 762, as illustrated in FIG. 
47D, until the bumpers 786 of those other two fork as- 
semblies 74 are stopped by their contacting the wafer 
head 110. If the wafer 40 is properly aligned on the ped- 
estal, the alignment fork 762 and its tines 764 will just 
barely touch the wafer 40. 

The pushing force generated by the alignment forks 
762 to align the wafer 40 to the center of the pedestal 
72 for attachment to the wafer head 1 10 is distributed to 
several of the six tines 764 of the alignment forks 762. 
The pushing force of each fork 762 is distributed sub- 
stantially equally through the yoke to push on the wafer 
40 at two points. As the wafer 40 moves toward the cent- 
er of the pedestal 72, the freedom of the yoke to hori- 
zontally rotate to maintain its contact with the edge of 
the wafer by pivoting without the necessity of a sliding 
contact, reduces stress concentrations at the wafer's 
edge which may fracture the wafer and distributes the 
frictional resistance to slippage between the alignment 
jaw and the wafer over a larger area, thereby reducing 
the possibility of a localized hang-up due to local defor- 
mations which are greater when the same force is ap- 
plied over a smaller area. The use of the alignment yoke 
allows for some rotation and some slippage of the wafer 
as the wafer is pushed into alignment with the wafer 
head 110. 

Once the wafer 40 is in alignment with the wafer 
head 110, as shown in FIGS. 47D and 26C, the wafer 
is positioned below the recess 1 1 1 5 of the lower portion 
1 1 1 0 of the wafer head 1 1 0. 

Thereafter, the fork actuators 774, as illustrated in 
FIG. 47E, cause the fork assemblies 74 to radially with- 
draw. The pedestal 72 is then raised to lift the wafer 40 
into the wafer receiving recess 1 1 1 5 of the lower portion 
1110 of the wafer head 110. The wafer 40 is pressed 
firmly against the inner principal surface of the wafer re- 
ceiving recess 1 1 1 5 so that a vacuum or surface-tension 
attachment between the wafer 40 and the wafer head 
110 can be confirmed before the pedestal 72 is lowered. 



In some configurations, the wafer head 110 will have 
vacuum ports in the wafer receiving recess 11 1 5 so that 
an interlock sensor senses when the vacuum ports are 
sealed by the wafer 40 . This assures that the wafer 40 

5 is firmly attached to the wafer head 1 1 0 and that the ped- 
estal 72, formerly supporting the wafer 40 from below, 
can be lowered without fear that the wafer is not properly 
attached to the wafer head 110 . The washing basin 76 
is then lowered and the wafer head 110 with the wafer 

10 40 now attached is ready to be rotated to the next pol- 
ishing station for polishing. 

Wafer Cleaning and Unloading from Transfer Station 

is Figures 49 A 49B, 49C, 49 A, 49B, and 49C provide 
side elevational and top views of the operations per- 
formed in flushing the wafer head and removing the wa- 
fer from the wafer head once wafer polishing has been 
completed. 

Figures 50 A, SOB, and 50C show the operation of 
a check-valve assembly 1770 located behind the center 
nozzle 724 at the center of the pedestal 72. 

Figures 49 A and 49 A show a polished wafer 40 after 
polishing has been completed still attached to the wafer 
head 110 surrounded by the washing basin 76 and fac- 
ing on its bottom side the pedestal 72. All washing jets 
are initiated, that is, all six nozzles 746 and 754 of the 
three side wash assemblies 77 and the offset nozzles 
726 (but not the central nozzle 724 because of a check 
valve to be described below) in the surface of the ped- 
estal 72 all actively spray deionized water or other 
chemical solution at the bottom and part of the sides of 
the wafer head 110 and across the top of the pedestal 
72 to clean any particles which might have been picked 
up or have adhered themselves to the wafer head 110 
and the wafer 40 during the polishing process. The wa- 
fer head 110 can be rotated during this spraying activity 
so that all areas and all crevices on the bottom of the 
wafer head 110 are flushed and cleaned. The water 
sprayed in the wash basin 76 drains through the center 
basin support housing 78 and is either recycled or dis- 
carded. 

A close clearance of approximately 0. 1 68" (4.3mm) 
between the outside of the 3C3 wafer head 1 1 0" and the 
porch roof 74 of the wash basin shroud 76 reduces, if 
not eliminates, the likelihood that water will be splashed 
out of the basin shroud 76 into other areas of the ma- 
chine. It should be mentioned that a reduced clearance 
of 0.146" (3.7mm) exists between the roll of the bumper 
786 and the wafer head 110. 

As can be seen in FIG. 50A, the check-valve as- 
sembly 1770 includes an insert 1772 screwed into the 
pedestal 72 behind ikts center nozzle 724. At the inter- 
section of the vertical passage 730 connecting to center 
port 724 at the center of the pedestal 72 and the lateral 
passages 728 a block 1 774 captures a valve ball 1 776 
between it and tapered walls 1778 at the bottom of the 
vertical passage 730. As illustrated, pressurized water 
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supplied from the central passage 732 of the pedestal 
column 79 forces the ball 1 776 against the tapered walls 
of the vertical passage 730 to thereby block the central 
port 724. This blockage provides a more even distribu- 
tion of water pressure to the non-centrally located ports s 
726 across the pedestal 72. If the check-valve of FIGS. 
50A-50C* were not in place, a larger proportion of the 
water to be sprayed would come out the large center 
nozzle 724 and less would be directed to the other small- 
er offset nozzles 726 in the pedestal 72. io 

Figures 49B and 49B show the next step of the un- 
loading operation. The pedestal pneumatic cylinder 
1 760 raises the pedestal 72 into contact with the wafer 
40, and a vacuum source is routed through the bottom 
of pedestal column 79 to the fluid passages 728 and 732 is 
which just recently were conducting water to the offset 
spray ports 726. The spray nozzles 724 and 726 are now 
transformed into vacuum suction ports. The elastomer 
film 722 on the top of the pedestal 72 creates a tight seal 
between the wafer 40 and the top of the pedestal 72. As 20 
soon as a vacuum seal is sensed in the pedestal vacu- 
um supply passage, by the lowering of pressure in the 
vacuum lines, the wafer receiving recess 1 1 1 5 of the wa- 
fer head 110 is supplied with a pressurized gas behind 
the wafer 40 to more easily release the wafer 40 from 25 
the wafer head 110. Otherwise, a vacuum seal to the 
pedestal 72 would have to compete with the vacuum or 
other attachment force holding the wafer 40 to the wafer 
head 110. 

Note that in FIG. SOB, the ball 1776 of the check- 30 
valve 1 770 at the center port 724 of the pedestal 72 has 
fallen to be stopped on the block 1 774 to thereby open 
the vertical passage 730 so that vacuum can be directly 
applied to a larger area which includes the center of the 
pedestal 72. 35 

Once the wafer 40 has been captured by the vacu- 
um on top of the pedestal 72, the vacuum of the pedestal 
is maintained and the pedestal is lowered to a second 
washing position, illustrated in FIGS. 49C and49C. Slur- 
ry or other particles which were caught behind or next 40 
to the wafer 40 during the time the wafer 40 was at- 
tached to the wafer head 1 1 0 are now exposed, and the 
nozzles 746 and 754 of the washing assemblies 77 are 
activated to spray water across the back of the wafer 40 
and into the wafer receiving recess 1 1 1 5 so that all par- 45 
ticulates and slurry particles can be flushed away. Dur- 
ing this second washing step, the wafer head 110 can 
rotate to provide a more even distribution of the wash 
water which in this second washing operation, is coming 
from only the three positions of the side washing assem- so 
blies 77 and not from the ports on top of the pedestal 
72. During the second washing operation, a vacuum 
pressure continues to be ported to the fluid ports 724 
and 726 on the top of the wafer pedestal 72 to prevent 
the wafer 40 from moving as a result of the force of the ss 
moving water flushing its surface. Note that in FIG. 50C, 
the ball 1 776 of the check-valve 1 770 remains in its open 
position. Once the second washing of the wafer 40 on 



the pedestal 72 is complete, the basin pneumatic cylin- 
der 1716 lowers the washing basin 76, and the pedestal 
pneumatic cylinder 1 760 lowers the pedestal 72 by its 
slight stroke to permit insertion (requiring approximately 
0.25 inches or 6mm) of the robot blade 38. The pedestal 
72 can then be raised to assure that the robot blade 38 
contacts the back of the wafer 40. Once the vacuum seal 
is sensed between the robot blade 38 and the back of 
the wafer 40, the vacuum in the pedestal 72 is released 
so that vacuum forces are not competing in trying to hold 
the wafer 40. The pedestal 72 is then lowered and the 
robot blade 38 is moved to place the newly polished wa- 
fer in a wafer cassette 42 for transport. 

Table Top Arrangement 

Figure 52 shows a cross-sectional view through 
FIG. 2 at Section 52-52 showing the position of a first 
wafer head 110a polishing a wafer (not shown) on the 
platen 52, rotated by the platen rotation motor 232 and 
the position of the various pieces relative to one another. 
The oppositely located wafer head 110c is disposed at 
the transfer station 70, at which position the wafer head 
1 1 0c and the attached wafer are washed after polishing 
or alternatively a wafer is loaded into the wafer head 
1 1 0c once it has been received from the transfer station 
70. 

When the transfer washing basin shroud 76 is low- 
ered away from the wafer head 1 1 0c and the other wafer 
heads 1 00 are retracted to their position that is upper- 
most and innermost to the carousel hub 902, the carou- 
sel support plate 906 is rotated to place the wafer heads 
in new positions. If there is no inter-station washing the 
rotation is 90°; for inter-station washing, the rotation is 
typically about 45°. 

The carousel support plate 906 is rotatably support- 
ed on the stationary sleeve-like center post 902 through 
a center post bearing 984. A carousel drive motor 986 
is supported by the center post 902 and its output is con- 
nected to a harmonic drive 988, such as unit size 65 
available from the previously mentioned harmonic drive 
supplier. The harmonic drive 988 provides a very high 
torque multiplication drive which can rotate and hold the 
carousel support plate 906 precisely. 

The harmonic drive 988 provides an acceptable ro- 
tational velocity to turn the wafer head assemblies be- 
tween stations. However, the static holding torque of the 
harmonic drive 988 is insufficient for holding the carou- 
sel support plate 906 precisely at a particular reference 
position for polishing and transfer of wafers while the 
wafer heads 100 are engaging the rotating polishing pad 
54 at varying radial positions. 

To provide additional braking, a gear locking system 
illustrated in perspective in FIG. 53 may be disposed be- 
tween the carousel drive motor 986 and the harmonic 
drive 988 on a drive shaft 990 linking the two. A shaft 
gear 991 is tightly fixed to the drive shaft 990. A thick 
first idler gear 992 is rotatably but tightly radially held on 
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a first idler shaft 993. The upper part of the thick first 
idler gear 992 is always engaged with the shaft gear 
991 . A thinner second idler gear 994 freely rotating on 
a second idler shaft 995 also always engages the first 
idler gear 992, usually in the lower section of the first 
idler gear 992 and out of engagement with the shaft gear 
991 . However, the second idler shaft 995 is axially trans- 
latable by a pneumatic cylinder 996 fixed to the housing 
for the gears. When the locking pneumatic cylinder 996 
is actuated, the second idler gear 994 slides towards the 
top of the first idler gear 992 and also engages the shaft 
gear 991 . This engagement between the three gears 
991 , 992, and 994 prevents any of them from moving. 
The second idler shaft 993 together with the second idler 
shaft 995 provides the torque arm preventing any rota- 
tion of the drive shaft 990. 

Alternatively, and perhaps preferably, a disk brake 
assembly may be used. A rotor disk is attached to the 
shaft 990, and a caliper has its arms set on opposite 
sides of the rotor disk with brake pads on the arms facing 
the disk. The caliper is selectively closed with a pneu- 
matic cylinder, and the brake pads on the caliper arms 
bear against opposite sides of the rotor disk to thereby 
inhibit further rotation. 

Returning to FIG. 52, wiring to the wafer head rota- 
tional motors and other electrical devices and fluid lines 
to the rotary couplings 1042 at the upper end of the wa- 
fer head shafts are routed through a wiring and hose 
bundle 997 generally entering the carousel covers 908 
through a wiring opening 998 at its top. This routing 
avoids interference with wafers and reduces the likeli- 
hood that the slurry environment can enter the cover 
through the wiring/hose opening 998. Rotation of the 
carousel 90 does not cause binding and constriction of 
the wiring and tube bundle because rotation of the car- 
ousel 90 is limited to less than 360°, e.g., in a four head 
assembly arrangement, to 270° or 315° if all four inter- 
mediate washing stations are implemented. During se- 
quential processing, a first wafer is loaded on a first head 
and is progressively rotated 90° to each subsequent sta- 
tion until it has reached the third station 270° from the 
loading position. The next rotation sequence progres- 
sively would take this first wafer another 90° to return it 
to the loading station, but to avoid wire and hose binding 
and constriction, the equivalent of a forward (clockwise) 
rotation of 90°, that is a reverse (counterclockwise) ro- 
tation of 270°, is performed to bring the wafer back to 
the transfer/loading position as discussed above for 
FIGS. 5A- 5F and 6A-6D. The second and third wafers 
to be loaded in the sequence have their forward ad- 
vance between polishing stations interrupted by the re- 
verse rotation of 270° although the functional sequenc- 
ing remains the same. 

Loading Apparatus in General 

As illustrated in the perspective view of FIG. 1 and 
as briefly described previously, the loading apparatus 



30 moves wafer cassettes 42 between the holding sta- 
tion 32 and the holding tub 34 and also moves the indi- 
vidual wafers 40 between the cassettes 42 in the holding 
tub 34 and the polishing apparatus 20, which has just 
s been completely described in extensive detail. Both sets 
of movement are effected in part by a wrist assembly 37 
and in part by the arm 35 descending from the overhead 
track 36. 

As additionally illustrated in the partial cross-sec- 
10 ttonal, partial plan side view of FIG. 54, the wrist assem- 
bly 37 is held by a descending arm 35 descending from 
a horizontal overhead track 36 along which the arm 35 
horizontally moves. The wrist assembly 37 uses a wafer 
blade 38 to move the wafers 40 and uses a claw 39 to 
is move the cassettes 42. To effect these various move- 
ments, the arm 35 is rotatable about its vertical axis and 
is extensible and retractable along that vertical axis, and 
the wrist assembly 37 is rotatable about a horizontal ax- 
is, itself being rotatable in the horizontal plane. 
20 As illustrated in the side cross section of FIG. 54, 
the arm 35 depends from the overhead track 36 and 
moves along the track 36 so as to move cassettes be- 
tween the holding station 42 and the holding tub 34 and 
to move individual wafers 40 from various positions with- 
es jn the holding tub 34 to a position at which the wafers 
40 can be loaded into the polishing apparatus 20. 

Details of the loading apparatus 30 will now be pre- 
sented beginning with blade 38 and claw 39. 

30 Blade and Claw 

As illustrated in the exploded perspective view of 
FIG. 55, the wrist assembly 37 includes a claw member 
312 including a hub portion 314, the claw 39 extending 

3S radially therefrom, and a blade bracket 316. The claw 
39 includes, as additionally shown in side plan view of 
FIG. 57, two parallel fingers 318 and two fingertips 320 
extending perpendicular to the claw 39. The back of the 
claw 39 also includes a knuckle ridge 322 facing the hub 

40 portion 314. 

A blade body 324 is secured with countersunk flat 
screws to an open recess in the blade bracket 31 6 such 
that one side of the blade body 324 is flush with a side 
of the blade bracket 316. The flush side of the blade 

45 body 324 includes at its distal end a generally rectangu- 
lar vacuum recess 328 communicating via an aperture 
330 with a vacuum channel 332, best shown in the upper 
perspective view of FIG. 56, extending axially along the 
blade body 324. The aperture 330 is formed, as addi- 

50 tionally illustrated in the bottom plan view of FIG. 60, by 
milling the vacuum recess 328 and the vacuum channel 
332 from opposite sides of the blade body 324 to a sum 
of depths greater than the thickness of the blade body 
324. As a result, the aperture 330 is formed in the area 

55 in which the vacuum channel 332 overlaps the vacuum 
recess 328. By 'bottom" of the blade 38 is meant the 
side with the vacuum recess 328 for vacuum holding the 
wafer 42 on its lower side as it is loaded to and unloaded 
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from the polishing apparatus 20. 

As shown in the top perspective view of FIG. 56, a 
surrounding ledge 334 is milled around the periphery of 
the vacuum channel 332. An insert 336 is fit onto and 
welded to the ledge 334 so as to seal the vacuum chan- 
nel 332. However, the insert 336 includes a through hole 
338 at its proximal end to provide a vacuum port for the 
vacuum source. The top plan view of FIG. 59 shows the 
insert 336 fitted into the blade body 324. As illustrated 
in the bottom perspective of FIG. 55 and the side view 
of FIG. 58, a vacuum hole 340 is bored through the blade 
bracket 316. A vertical end of the vacuum hole 340 over- 
lies and is sealed to the through hole 338 in the blade 
insert 336. A horizontal end of the vacuum hole 340 is 
connected to a threaded coupling of a vacuum hose 
342. Thereby, vacuum applied to the vacuum hose 342 
can be used to vacuum chuck a wafer 40 to the blade 
30. The vacuum chucking is used both to remove verti- 
cally oriented wafers from the cassettes 42 and to hold 
a wafer 40 horizontally on a lower side of the blade 38. 
The blade 38 vacuum chucks a wafer 40 on its substrate 
backside with the process side containing partially 
formed circuits being unobstructed. Thereby, mechani- 
cal damage to the process side is avoided. The blade 
38 dechucks the wafer 40 process-side down on the soft 
elastomeric surface 722 of the pedestal 72 of the trans- 
fer station 70. Because the vacuum chucking is some- 
times done in the liquid of the holding tub 38, the vacuum 
is supplied by a vacuum generator 343 of the sort de- 
scribed before which generates a negative air pressure 
from a positive liquid or fluid pressure source powered 
by positive pneumatic pressure. As mentioned previ- 
ously, such a vacuum generator prevents the contami- 
nation of a main or house vacuum source when a vac- 
uum is being drawn against a liquid. The vacuum gen- 
erator 343 is fixed on the wheel housing 344 at the side 
of the wrist 37. Also attached thereto is an air pressure 
sensor 345 connected to the vacuum hose 342 to sense 
the pressure within the hose 342. This is particularly val- 
uable to sense when the vacuum chuck has indeed 
chucked the wafer. 

As shown in the perspective drawing of FIG. 61 , the 
claw 39 and blade 38 are assembled together into the 
wrist assembly 37 by screwing the hub portion 312 of 
the claw 39 to the gear of a gear assembly rotatably sup- 
ported in a worm wheel housing 344 that is rotatably and 
translationally supported by the arm 35. 

As shown in side plan view in FIG. 57, a worm wheel 
346 is fixed to the claw 39 and blade 38 and is rotatably 
held on the outer races ball bearing assemblies 348 hav- 
ing inner race fixed to a shaft 350 secured to the worm 
wheel housing 344 (see FIG. 61 ) and outer races fixed 
to the worm wheel housing 344. As shown in the side 
plan in FIG. 57 and in the top cross section in FIG. 61, 
a worm gear 352 descending vertically from the arm 35 
engages the worm wheel 346. When the worm gear 352 
turns, the blade 38 and claw 39 rotate in a vertical plane 
about the shaft 350 of the worm wheel 346. As will be 



described in detail later, this rotation is used (1) to ex- 
change the blade 38 and claw 39 from their operative 
positions, (2) to rotate the wafers 40, once on the blade 
38. between their vertical orientation in the cassettes 42 
s and their horizontal orientation for their presentation to 
the polishing apparatus 20, and (3) to engage and dis- 
engage the claw 39 from the cassettes 42. 

Track and Arm 

w 

The discussion now returns to the overhead track 
36 and to the arm 35 it supports. The arm 35 moves 
horizontally between the cassettes 42 and the wafers 
40 contained therein, and it supports, rotates, and ver- 
is tically moves the wrist assembly 37. 

The overhead track 36 shown in FIG. 1 is covered 
by a protective cover 360. A belt motor 361 protrudes 
from one end although the motor 361 can advanta- 
geously be placed at the other end. 

A carriage 362 rotatably supporting the arm 35 is, 
as additionally shown in the perspective view of FIG. 62, 
bolted to a slider 364 horizontally slidably supported on 
its one side by a side rail 366 extending linearly along 
the overhead track 36. The rail 366 is affixed to a side 
of a box beam 368, which forms the main support mem- 
ber for the overhead track 36. A cantilever bracket 370 
fixed to the top of the slider 364 extends over the box 
beam 368 and is itself fixed by two connection points to 
a drive belt 372 The drive belt 372 is toothed on its in- 
side and is wrapped around two toothed sheaves 374 
and 376. The first sheave 374, as additionally illustrated 
in end perspective in FIG. 63, is attached to a shaft 378 
rotatably supported on one side of the box beam 368. 
The second sheave 376 is similarly supported in a free 
wheeling fashion on the same side of the box beam 368. 
Both end portions of the box channel 368 adjacent to 
the sheaves 374 and 376 have top cut outs 380 through 
which the sheaves 374 and 376 protrude so that the top 
part of the drive belt 372 is led outside of the box beam 
368 and the bottom part is led through the interior of the 
box beam 368. 

As illustrated in both perspective views of FIGS. 62 
and 63 and in the cut away top plan view of FIG. 64, a 
channel-closing belt 380 is wrapped around two free- 
wheeling capstans 382 rotating about shafts 384 mount- 
ed in side walls of the box channel 368 at positions be- 
low the shafts 378 of the drive belt sheaves 374 and 
376. A ridge 385 in the center of the channel-closing belt 
380 matches corresponding grooves 385a in the cap- 
stans 382 to maintain alignment of the belt 380 as the 
horizontal slide 364 is moved from end to end. 

The ends of the channel-closing belt 380 are fixed 
to the bottom of the carriage 362 at an distance from the 
rail 366 generally corresponding to the arm 35 and wrist 
assembly 37. The channel-closing belt 380 thus pro- 
vides a sliding seal which closes the bottom of the pro- 
tective cover 360 so that particles do not fall out from 
the inside of the housing onto wafers being processed 
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nor does slurry contaminate the mechanism. 

Various parts 387a, 387b, and 388 shown in the per- 
spective view of FIG. 62 extend longitudinally along the 
track 36 to provide additional support and covering. As 
illustrated, the lower comer part 388 and the cover 360 
provide an open longitudinal slot 389 along which the 
arm 35 slides as it depends from the carriage 362. How- 
ever, the slot 389 allows polishing debris to penetrate 
upward into the delicate mechanical elements of the 
track 36 and carriage 362 and further allows mechanical 
particles to pass downward to the wafers to thereby con- 
taminate them. The channel-closing belt 380 provides 
both the function of stabilizing the carriage 362 as it 
moves from one end to the other and the additional func- 
tion of preventing particulates and debris from inside the 
cover 360 from falling down to the wafer 42 and the fur- 
ther function of protecting the mechanical parts from 
slurry. 

Both the shaft 378 for the free-wheeling sheave 376 
for the drive belt 372 and the shaft 384 for one of the 
capstans 382 for the channel-closing belt 380 are 
mounted to their respective box -channel walls by flang- 
es set in longitudinally extending slots in the walls. Each 
flange is selectively biased by a threaded coupling be- 
tween it and an anchor post located outboard of the re- 
spective slot. Thereby, the respective belt 372 or 380 is 
selectively tensioned. 

As shown best in the axial cross section of FIG. 65, 
the carriage 362 captures the outer race of a circular 
bearing assembly 390 while a flange 392 of a collar 394 
captures the inner race. As will be described later, the 
collar 394 supports the arm 35. A horizontal worm wheel 
396 is supported by and above the collar 394. As further 
shown in the vertical plan view of FIG. 64, the worm gear 
386 engages the worm wheel 396 to thereby rotate the 
arm 35 and the wrist assembly 37 in the horizontal plane 
about the vertical axis of the arm 35. 

As shown in both the perspective view of FIG. 62 
and the side cross section of FIG. 54, a flat head plate 
390 of an arm C-section 392 is bolted to the bottom of 
the collar 392 rotatably supported by the carriage 362. 
An arm cover 394 encloses the arm 35 while it's in use. 

The extension and retraction of the arm 35 is con- 
trolled by a worm motor 1 300, shown in the longitudinal 
and side views of FIGS. 54 and 65. It is mounted within 
the carriage 362 and its vertically oriented output shaft 
is connected to a worm gear 1 302 passing downwardly 
through the collar 394 and the head plate 397 of the arm 
C-section 392 to within the arm 35. The vertically de- 
scending worm 1302 engages a travelling worm nut 
1 304 in an upper part of an L-b racket 1 306. As shown 
best in the perspective view of FIG. 61, the back of the 
L-bracket 1 306 has a linear bearing dovetail groove en- 
gaging a vertical linear bearing rait 1 308 affixed to a ver- 
tical portion 1 310 of the C-section 392. The worm drive 
1 300, 1 302, 1 304 provides a vertical travel of about 1 016 
inches (27cm), which is enough to manipulate an 8-inch 
(200mm) wafer 40 from a cassette 42 and position it 



atop the pedestal 75 positioned over the table top 23. 

As shown in the side view of FIG. 54 and the per- 
spective of FIG. 61 , a motor 1 314 is mounted on a foot 
131 6 of the L-bracket 1306. An output shaft 1318 pass- 
5 es through the foot 1 316 and along the central passage 
of a support column 1 320. Two half collars 1 322, shown 
in the side plan view of FIG. 57 and the perspective view 
of FIG. 61 , fit into an annular recess 1 323 of the support 
column 1320 and are screwed into the worm wheel 
10 housing 344 to fix the support column 1 320 at the bottom 
of the arm 35 to the worm wheel housing 344. The output 
shaft 1 318 penetrates the worm wheel housing 344 and 
has the worm gear 352 on its lower end engaging the 
worm wheel 346 turning the blade 38 and claw 39. 

Thereby, rotation by the motor 1314 rotates the 
blade 38 and the claw 39 in the vertical plane, rotation 
by the motor 384 rotate them rotates them in the hori- 
zontal plane, rotation by the motor 1 300 translates them 
vertically, and rotation by the motor 361 translates them 
horizontally, for a total of four degrees of motion. 

As shown in the perspective view of FIG. 61 , a hol- 
low trombone 1 324 is fixed to an ear 1 326 of the worm 
wheel housing 344 and slides through the foot 1316 of 
the C-section 398 into the interior of the arm 35 and par- 
allel to the vertical section 1310. The trombone 1324 
bears the negative pressure pneumatic line 342 (or pos- 
itive pressure line if a local vacuum generator is used) 
and electrical lines led along the shaft 350 of the wrist 
assembly 37 for sensing the absolute angular position 
of the blade 38 and claw 39. 

Wiring and tubing to the various motors and to the 
robot blade is routed via a chain link like rolling wire tray 
(not shown) positioned in back of the front of and parallel 
to the track cover 360 of FIG. 62. An end of the rolling 
wire tray is fixed to a trough in which the fixed end of the 
tray rests. The trough is supported on brackets support- 
ing the track cover 360. The wiring and tubing is bound 
to the rolling wire tray, and the flexible rolling wire tray 
makes a C-bend before approaching the carriage 362. 
to which the other end of the wire tray is fixed. The sec- 
ond end of rolling wire tray follows the carriage 362 as 
it moves along the overhead track 36. The wiring and 
tubing is then routed around the worm drive motor 1 300 
in the carriage 362 and to the descending arm 35 
through one or more open holes interspersed with 
flange bolts around the rotatable collar 394 of FIG. 65 
between the carriage 362 and the descending arm 35. 
The rotation of the pieces to which wiring or tubing is 
connected is generally restricted to a rotation in the 
range of plus and minus approximately 180° so that all 
angles required for the manipulation of the wafer can be 
achieved within a back and forth motion within the range 
without excessively binding or constricting the wiring or 
tubing. 

Holding Tub 

The details of the holding tub 34 are shown in the 
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axial cross-sectional view of FIG. 67. The tub 34 itself 
is an integral body preferably of polypropylene or other 
plastic materials of the sort used in wafer cassettes. It 
includes a generally rectangular outer wall 1 430 and an 
inner weir 1432 of the same shape separated from the s 
outer wall 1430 by a catch basin 1434 and having an 
outwardly and downwardly tapered top 1 436 having a 
tip 1 438 below the top 1440 of the outer wall 1 430. The 
bath 302 is filled into the basin between the inner weir 
1 432 and is filled to the tip 1 438 of the weir 1 432 until it 
overflows into the catch basin 1434. 

One or more cassettes 42 - four appear to be a pref- 
erable number - holding multiple wafers 40 between 
their slot ridges 430 are loaded into the tub 34. The top 
1438 of the weir 1432 is positioned to be above the top 
of the wafers 40 held in the tub 34 and includes, as 
shown in the side elevational view in FIG. 68, a series 
of truncated inverted triangular channels 1438 extend- 
ing transversely through the wall of the weir 1 432. The 
channels 1438 have bottoms 1439 slightly below the in- 
tended top level of the bath 302 which is above the top 
of the wafers 40, and these bottoms have widths sub- 
stantially shorter than the average width of the channels 
1438. Since only a limited amount of liquid can flow 
across the limited width of the bottoms 1439, the level 
of the bath 302 typically rises substantially above this 
level. This rise is sufficient to overcome any non-uni- 
formity or elevational differences between the channels 
1438 and thereby prevents the bath 302 from draining 
through only a few of the channels 1438. 

Each cassette 42 has legs 1442 which are laterally 
aligned by two rails 1444 fixed to a bottom 1446 of the 
tub 34 and are neld by three pairs of pins 1 448 extending 
outwardly from the rails 1444. As shown in FIG. 69, the 
three sets of pins 1 448 are vertically displaced along the 
rails 1440 so as to support the cassette 42 at the re- 
quired angle of 3°. Although this inclination angle seems 
preferable, other angles up to 10° and possibly 15° 
would provide similar effects in having the wafers 40 be- 
ing substantially vertical while being held at a definite 
position and angle. Edges 1450 of the cassette legs 
1442 are laterally aligned along the rails 1440 by a set 
of alignment pins 1 452 extending from the rails 1 440 to 
engage the downwardly disposed edges of the cassette 
legs 1442.. 

The basin of the tub 34 includes a drain hole 1454 
at its bottom, and supply tubes 1456 extend longitudi- 
nally along the rails 1440 at the bottom corners of the 
tub 34. The bottom corners along the supply tubes 1456 
are curved and material 1457 is filled into acute comers 
to prevent accumulation of debris in the corners. The 
supply tube 1456 includes several nozzle holes 1458 
di rected toward the center of the basin and a supply pas- 
sage 1 460 penetrating to beneath the tub bottom 1 446. 
The catch basin 1434 includes an overflow drain 1460 
at its bottom to drain bath water 302 overflowing the weir 
1438. A fluid level sensor 1464 is fixed to the outer wall 
1430 and positioned to sense the level of the bath 302 



at and a few inches below the top 1 438 of the weir 1 432. 

The plumbing is located beneath the tub bottom 
1 446, and its configuration depends on the desired proc- 
ess, for example continuous overflow, recirculation, or 
continuous drain. Atypical configuration shown in FIG. 
67 includes fresh bath water being supplied through a 
supply inlet 1466 through a three-way valve 1468 to a 
pump 1470 pumping the bath water through a filter 1471 
to the longitudinal supply tubes 1456 and from there into 
the basin. When the level sensor 1464 detects that the 
basin has been filled to overflowing, that is : to the top 
1438 of the weir 1436, the three-way valve 1468 is 
switched to instead recirculate the overflow water in the 
catch basin 1 434 draining from the overflow drain 1 460. 
Periodically the basin is drained by turning on a drain 
pump 1 472 selectively pumping bath water from the bot- 
tom drain 1454 to a tub drain 1474, and then the basin 
is refilled from the supply inlet 1466, as described 
above. Alternatively, on a more frequent basis, the basin 
is only partially emptied and then topped off with fresh 
bath water. The drain pump 1472 is additionally useful 
when an operator desires to manually lift a cassette 42 
from the tub 34. The bath 302 may be corrosive so it is 
desirable that its level be temporarily lowered to allow 
the operator to grasp the top of the cassette 42. There- 
after, the basin is refilled. 

Other plumbing configurations are possible. To as- 
sure recirculation, the recirculation pump 1 470 can have 
its inlet connected to the basin drain 1454. If recircula- 
tion is not desired, the catch basin 1434 can be drained 
externally and only fresh bath water be supplied to the 
longitudinal supply tube 1458. 

The tub 34 can be improved in at least two ways. 
First, the catch basin 1434 is narrow and deep, making 
it difficult to clean. An equally effective catch basin would 
be a relatively shallow hanging channel positioned out- 
board and just below the top of the weir 1 432. Secondly, 
the recirculation flow can be made more uniform and 
predictable if a perforated horizontal plate were placed 
between the bottom of the cassette 42 and the drain hole 
1454 so that the pump 1472 pulled bath liquid from a 
wider area of the tub 34. 

Operation of the Loading Apparatus 

The operation of the loading apparatus 30 will now 
be described. As illustrated very generally in the per- 
spective view of FIG. 1 and the end view of FIG. 66, the 
loading apparatus performs two functions with the same 
equipment. 

First, the wafer blade 38 in conjunction with the arm 
35 depending from the overhead track 36 loads individ- 
ual wafers 40 from multiple wafer cassettes 42 stored 
in a bath 302 filled into a holding tub 34. Each cassette 
42 holds multiple wafers 40 in a generally vertical orien- 
tation by means of shallow vertical slots formed in op- 
posed vertical walls of the cassette 42 such that two op- 
posed edges of the wafers 42 are captured in two op- 
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posed slots (see FIGS. 67 and 71 A). The cassettes 42 
are commercially available, for example, from Fluoro- 
ware. They are typically formed of polypropylene or 
PVDF plastic so as to not abrade the wafers 40 and to 
be chemically inert for the liquids being used. The bath 
302 is composed of a liquid, such as deionized water, 
which prevents any adhering slurry from hardening on 
the wafer. Also, when CMP of a metal layer is performed, 
the bath protects the fresh metal surface from air, which 
would oxidize it. Although only a single holding tub 34 
is illustrated and described in detail, it is understood that 
multiple holding tubs can be used, especially one for 
loading unpolished wafers to the polishing apparatus 20 
and one for unloading polished wafers therefrom. 

Secondly, the claw 39 in conjunction with arm 35 
transfers entire cassettes 42 between the holding tub 
34 and a holding station 32 along the longitudinal direc- 
tion of the overhead track 36. It is anticipated that an 
operator or automatic transfer apparatus places cas- 
settes 42 filled with wafers 40 to be polished at precisely 
indexed positions at the holding station 32 and removes 
therefrom such cassettes 42 filled with polished wafers 
40. However, further automation is possible, particularly 
for a post-polishing cleaning step. 

Wafer Loading 

Figures 70A, 70B, 70C, 70D, and 70E are general 
perspective views showing the sequence of the loading 
operation in which the robot blade 38 picks a wafer 40 
from one of several cassettes 42 positioned within the 
holding tub 34 (not illustrated in these drawings for sake 
of clarity) and depositing it onto the transfer station 70 
atop the machine base 22 of the polishing apparatus 20. 
The unloading operation of transferring a wafer 40 from 
the transfer station 70 back to a cassette 42 operates in 
reverse from the illustrated sequence. 

During the sequence of these operations, the basin 
shroud 76 of the transfer station 70 is withdrawn down- 
wardly within the machine base 22, and, at least during 
the actual wafer transfer, the transfer pedestal 72 is 
raised upwardly to protrude above both the table top 23 
of the machine base 22 and the top of the shroud 76. 
Also, during this series of operations, one of the arms 
of the carousel support plate 906 is positioned over the 
transfer station 70, and an unillustrated wafer head sys- 
tem 100 is positioned within the slot 910 of the carousel 
support plate 906 overlying the transfer pedestal 72. 
With the lowermost member of the wafer head 100 of 
FIG. 9. that is, the floater member 1112, retracted up- 
wardly to within the bowl member 1 1 1 0 of the wafer head 
110, sufficient clearance exists between the top of the 
transfer pedestal 72 and the floater member 1 1 1 2 for the 
wafer blade 82 and attached wafer 40 to be manipulated 
therebetween. Although this requirement is severe, the 
short vertical stroke of the wafer head system 100 sim- 
plifies the system design and reduces the mass of the 
carousel 90. Also, since one of the wafer head systems 
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100 is positioned over transfer station 70 during the 
transfer operation, polishing can continue with the three 
other wafer head systems 100 during the transfer and 
washing operations, thus increasing system throughput. 
5 The loading operation begins, as illustrated in FIG. 

70A. by moving the arm 35 linearly along the overhead 
track 36 so that the downwardly directed blade 38 is po- 
sitioned over the selected wafer 40 in the selected cas- 
sette 42. As mentioned previously, during the loading 
io and unloading operations, the cassettes 42 are sub- 
merged in the holding tub 34. The cassettes 42 within 
the holding tub 34 are supported on inclines 420 at about 
3° from vertical. The orientation is such that the device 
side of the wafers 40 face slightly upwardly and away 
is from the slot ridges 430 illustrated in FIGS. 67 and 71 A 
which hold the wafers upright within the cassette 42. The 
precise linear position of the arm 34 along the overhead 
track 36 is controlled to fit the wafer blade 38 on the 
substrate side of the selected wafer 40 between it and 
20 the neighboring wafer or cassette wall and with the vac- 
uum recess 328 of the blade 38 parallel to and facing 
the substrate side. The generally downward orientation 
of the blade 38 at the requisite 3° offset parallel to the 
stored wafers 40 puts the claw 39 in a generally hori- 
25 zontal position so as not to interfere. 

The arm 34 is then lowered into the bath 302 along 
a direction slightly offset from the vertical so that the wa- 
fer 40 is roughly aligned on the wafer blade 38, as illus- 
trated in FIG. 70B. The inclined path requires a coordi- 
30 nated motion in two dimension, vacuum is applied to the 
vacuum recess 328 of the blade 38 while it is still sepa- 
rated from the wafer. The arm 35 then slowly moves the 
blade toward the selected stored wafer 40. When the 
vacuum sensor 345 of FIG. 58 senses a vacuum, the 
35 wafer has been vacuum chucked and the linear motion 
of the arm 35 stops. Although some of the bath liquid is 
sucked in before contact, once the wafer 40 is chucked, 
there is little leakage and that leakage is accommodated 
by the vacuum generator 343. 
40 After completion of vacuum chucking, the arm 35 
draws the wafer blade vertically upwards at the 3° offset, 
as illustrated in FIG. 70C. Once the wafer 40 has cleared 
the cassette 42 and the bath 302, the wrist assembly 37 
rotates the wafer blade 38 about a horizontal axis to the 
45 position shown in FIG. 70D in which the blade 38 vacu- 
um holds the wafer 40 on its lower side with the process 
side of the wafer 40 facing downwardly. This orientation 
of the wafer blade 38 positions the claw 39 vertically up- 
wards near the arm 35 so as to not interfere with either 
so the carousel 90 or the machine base 22 including its ta- 
ble top. Also, after the wafer 40 clears the. cassette 42 
and bath 302, the arm 35 is moved horizontally along 
the overhead track 36 to bring the blade 38 and attached 
wafer 40 in proper position for loading onto the transfer 
55 station 70 through the sliding door opening in the clean 
room wall. The raising, rotating, and linear motions of 
the arm 35 can be performed simultaneously once the 
wafer 40 is above the bath 302. 
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When the wafer blade 38 and attached wafer 40 
have been oriented horizontally and properly positioned 
vertically and linearly along the overhead track 36, the 
arm 35 rotates the wafer blade 38 about a vertical axis 
to move the wafer 40 through the opening of the sliding 5 
door and place it directly over the transfer pedestal 72 
and below the overhanging wafer head system 100, as 
illustrated in FIG . 70E. The transfer pedestal 72 is raised 
to engage or nearly engage its elastomeric surface 722 
with the process side of the wafer 40. The wafer 40 is 10 
dechucked from the wafer blade 38 by releasing the vac- 
uum to the vacuum recess 328 and is rechucked on the 
transfer pedestal 72 by applying vacuum to the ports 
724 and 726 on the top of the transfer pedestal 72. Once 
the wafer 40 has been chucked on the pedestal 72, it is '5 
lowered, and the arm 35 horizontally rotates the now 
empty wafer blade 38 away from the transfer station 70 
and the machine base 22 to complete the wafer loading 
operation. Thereafter, the transfer station 70 uses the 
three claw assemblies 72 to align the wafer 40 on the 20 
surface of the transfer pedestal 72. 

Typically, the loading apparatus 30 then prepares 
to unload another wafer from the polishing apparatus 20 
after completion of its polishing, carousel rotation, and 
washing in a series of operation generally inverse to 2s 
those described above for loading. It is, however, rec- 
ommended that in returning a wafer 40 to the cassette 
42 in the holding tub 34 the downward motion of the 
blade 38 be stopped a centimeter or so above the point 
where the bottom of the wafer 40 is expected to engage 30 
the bottom of the cassette 42 and before the wafer 40 
would engage the side slots 430 of the cassette 42. At 
that point, the wafer 40 should be dechucked from the 
vacuum recess 328 of the blade 38 and be left to drop 
the remaining distance. Precise alignments of the wafer 35 
40 on the blade 38 and of the cassette 42 within the tub 
are difficult to achieve. If the wafer 40 were to hit the 
cassette 42 while still vacuum chucked to the fairly mas- 
sive moving robot arm 35, the collision could break or 
at least damage the wafer. 40 

Cassette Loading 

The loading apparatus 30 is also used to transfer 
cassettes 42 between the holding station 32 and the 45 
holding tub 34. The claw 39 attached to the wrist assem- 
bly 37 at the bottom of the arm 35 is designed for effect- 
ing this movement. 

As illustrated in elevational and partially sectioned 
views of FIGS. 71 A, 71 B, and 71 C, the claw 39 is rotated so 
from the lower end of the arm 35 to be vertically and 
downwardly descending from the arm 35. It is then po- 
sitioned to a side of the cassette 42, which for 200mm 
wafers has a closed handle 422 extending from a longi- 
tudinal side 424 of the cassette 42. As shown in FIG. ss 
71 A, the claw 39 is positioned such that its knuckle ridge 
322 passes inside of a back 426 of the handle 422 of 
the cassette 42. Then, as shown in FIG. 71 B, the claw 



39 is horizontally moved away from th e cassette 42 such 
that its knuckle ridge 322 is below the back 426 of the 
handle 422. Then, as shown in FIG. 71 C, the arm 35 
further vertically raises the claw 39 so that its knuckle 
ridge 39 engages the bottom of the back 426 of the han- 
dle 422 attached to the wafer cassette 42. Further rais- 
ing of the claw 39 lifts the back 426 and that side of the 
cassette 42 such that the cassette tilts and a lower side 
engages the fingertip 320 of the claw 39. The rotation 
of the cassette 42 is limited to an amount sufficient that 
the knuckle ridge 39 and finger tips 320 firmly latch the 
cassette 42. Any further rotation endangers bumping a 
neighboring cassette 42 in the crowded tub 34. In this 
configuration, the claw 39 supports the cassette 42 and 
its wafers 40 and can move them to any position longi- 
tudinal of the overhead track 36. As illustrated, the wafer 
blade 38 is rotated to a horizontal position in which it 
does not interfere with the operation of the claw 39. 

Unloading of the cassette 42 from the claw 39 is 
accomplished by the arm 35 lowering the cassette 42 
against a lower bearing surface such that cassette 42 
untilts and disengages its back 426 of its handle 422 
from the ridge knuckle 32 at the back of the claw 39 
when the arm 35 moves the claw 39 outwardly from the 
cassette 39. A lesser inward movement of the claw 39 
clears it of the back 426 of the handle 422 such that the 
claw can be drawn vertically upwardly from the cassette 
42, leaving the cassette 42 either at the holding station 
32 or within the holding tub 34. 

These FIGS 71 A, 71 B, and 71 C also showslot ridg- 
es 430 formed inside the cassette on its bottom wall 432 
and two side walls to engage and align the wafers 40. 
In one type of wafer cassette to be used with the inven- 
tion, the very bottom of the cassette is open to suspend 
the wafers 40 above the legs 1442 of the cassette 42. 
In this cassette, the slot ridges 430 are formed on two 
45° oriented bottom walls and the two opposed side 
walls. 

Figures 72A, 72B, and 72C are elevatbnal views 
showing the movement of wafer cassettes 42 as they 
are moved between a position within the holding tub 34 
adjacent to the polishing apparatus 20, (from which wa- 
fers 40 from those cassettes 42 are easily raised and 
rotated into and out of the polishing apparatus 20 ) and 
a position at the remote holding station 32. Cassettes 
42 at the remote cassette holding station 32 carry wafers 
40 to be polished as received from earlier processing 
step and/or provide already polished wafer in cassettes 
42 to a later processing step. 

An example of the movement of cassettes 42 will 
now be described. As shown in FIG. 72A, the wrist as- 
sembly 37 is rotated so as to place the claw 39 in down- 
wardly facing orientation with the wafer blade 38 posi- 
tioned horizontally above and generally out of the way 
for the cassette movement. 

The arm 35 is linearly positioned along the over- 
head track 36 such that its claw 39 is positioned to pass 
through the cassette handle 422 between its back 426 
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and the side wall 424 of the cassette 42 that it is to move. 

As shown FIG. 72B, the arm 35 vertically displaces 
the claw 39 downwardly at the necessary offset angle 
to engage the handle 422 of cassette #1, as shown in 
the process of FIGS. 71 A, 71 B, and 71 C. The arm 35 
and attached claw 35 lifts the cassette from a first cas- 
sette position V in the holding tub 34 is deposits it, as 
illustrated in FIG. 72C, at the remote cassette holding 
station 32. The depositing step at the holding station 32 
is the inverse of the lifting step at the holding tub 34, as 
has been described above. 

It is anticipated that, as soon as a cassette 42 is 
deposited at the holding station 32, an operator will man- 
ually remove it so as to prevent slurry solidification or 
metal oxidation and soon thereafter replace it with a cas- 
sette of unpolished wafers. In the meantime, the transfer 
arm 35 can be transferring wafers 40 between the hold- 
ing tub 34 and the transfer station 70 of the polishing 
apparatus 20. At a convenient time after the operator 
has deposited a cassette 42 of unpolished wafers 40 at 
the holding station 32, the transfer arm 35 then moves 
that cassette from the holding station 32 into the holding 
tub 34 in a series of operations that are the inverse of 
those of FIGS. 72A, 72B, and 72C. 

The cassettes 42 that are moved between the hold- 
in q station 32 and the holding tub 34 may be full of wa- 
lors or may be empty such that unpolished wafers are 
transferred from a full unpolished wafer cassette to an 
ompty polished wafer receiving cassette, or in any other 
m innor imaginable by persons of ordinary skill in the art. 

Although a single holding station 32 has been de- 
scnood m the preferred embodiments, multiple holding 
si.i:*cns arc possible. In particular, a separate holding 
<a iiion nay be utilized for unpolished wafers and anoth- 
er lot pchshed wafers just as different holding tubs may 
tit ui ii/cd lor polished and unpolished wafers. Although 
mo illustrated holding station accommodated only a sin- 
qi j cassette multiple cassettes may be accommodated 
/»o long as tne wafer processing problems for excessive- 
ly lorg storage have been addressed. Further, the dif- 
ferent holding stations may be disposed on different 
sides of the polishing station. 

The above described polishing system is complex 
mid contains many novel features. Many of these fea- 
tures are inventive of themselves and useful in applica- 
tions other than wafer polishing. 

Although the described system includes four wafer 
honUs three polishing stations, and one transfer station, 
ninny of the inventive advantages can be enjoyed by 
otner configurations using lesser or greater numbers of 
these elements. 

Although the system has been described in terms 
of polishing semiconductor wafers, the term wafer can 
be used in the broader sense of any workpiece having 
a planar surface on at least one side thereof that re- 
quires polishing. In particular, glass and ceramics sub- 
strates and panels can be polished with the described 
invention. The workpiece need not be substantially cir- 



cular as long as the wafer head is adapted to receive a 
non-circular workpiece. 

The invention thus provides a polishing method ap- 
paratus having a high throughput of substrates being 

5 polished. The relatively simple design of the apparatus 
is mechanically rigid and occupies relatively little floor 
area. The polishing apparatus can be nearly completely 
automated, and it is easy to maintain and repair. The 
advantages of the design are accomplished by several 

10 novel mechanical parts that are applicable to technolog- 
ical fields other than polishing. 

While the invention has been described with re- 
gards to specific embodiments, those skilled in the art 
will recognize that changes can be made in form and 

is detail without departing from the spirit and scope of the 
invention. 



Claims 

20 

1. An apparatus for polishing substrates; comprising: 

at least two substrates to be polished; 
at least two second polishing surfaces: 

2S a rotatabfe carousel: 

at least two first substrate head assemblies 
suspended from said carousel and holding 
thereon respective ones of said substrates; 
a positioning member coupled to said carousel 

30 to move said carousel and thereby position a 

selected one of said substrate heads over a se- 
lected one of said polishing surfaces. 

2. The apparatus of claim 1, further including a trans- 
35 fer apparatus, and wherein said carousel is posi- 

tionable by said positioning member to position one 
of said substrate heads over said transfer appara- 
tus while simultaneously positioning one of said 
substrate heads on one of said polishing surfaces. 

40 

3. The apparatus of claim 2, wherein said carousel 
sweeps said heads across said polishing surfaces 
during a polishing Operation. 

45 4. The apparatus of claim 3, wherein said carousel 
sweeps said heads over said polishing surface sub- 
stantially in a radial direction with respect to a rota- 
tion direction of said carousel. 

so s. The apparatus of claim 2, wherein said transfer ap- 
paratus includes a vertically movable pedestal and 
a plurality of radially movable finger assemblies 
contactable with a substrate sufficiently misaligned 
on said pedestal. 

55 

6. The apparatus of claim 5, further including a wash- 
ing apparatus including at least one spray arm hav- 
ing jets aligned to spray said substrate. 
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7. The apparatus of claim 1 , further including a condi- 
tioner member positionable on one of said polishing 
surfaces. 

8. The apparatus of claim 7, wherein said conditioner 
member includes a conditioner face positionable on 
one of said polishing surfaces, and said face is ro- 
tatable about an axis collinear with the upper sur- 
face of said polishing surface 



10 



9. A serial substrate conditioning apparatus, compris- 
ing: 

a plurality of platens rotating respective polish- 
ing pads supported upon upper surfaces there- is 
of; 

a plurality of substrate heads holding respec- 
tive substrates on a bottom side thereof; and 
a support movably supporting said substrate 
heads and able to engage each of said sub- 20 
strates held on a respective one of said sub- 
strate heads sequentially with a plurality of said 
polishing pads. 

10. The serial apparatus as recited in Claim 9, wherein 25 
said support is rotatable about a rotation axis and 
said substrate heads are supported at different an- 
gular positions of said support relative to said rota- 
tion axis. 

30 

1 1 . The serial apparatus as recited in Claim 1 0, wherein 
N of said platens are disposed about said rotation 
axis and wherein there are N+1 of said substrate 
heads. 

35 

12. The serial apparatus of Claim 11, further comprising 
a transfer station for loading to and unloading sub- 
strates from said substrate head and wherein said 
N platens and said transfer station are arranged at 
equal angular separations about said rotation axis. 40 

13. A serial polishing process, comprising the steps of: 

mounting a plurality of substrates on respec- 
tives ones of a plurality of substrate heads, said 45 
substrates heads being supported at respec- 
tive angular positions on a rotatable carousel: 
mounting a plurality of polishing surfaces on re- 
spective rotatable members supported on a 
support structure; so 
rotating said carousel in a number of discrete 
angular steps to sequentially position each of 
said substrates adjacent to all of said polishing 
surfaces; 

providing relative motion between at least one ss 
of said substrates and one of said polishing sur- 
faces to polish a surface of said one substrate. 



14. The polishing method of 1 3, wherein said rotatable 
members are postioned on said support structure 
and said angular positions of said subtrate heads 
are postioned on said carousel such that a prede- 
termined rotation of said carousel causes a plurality 

. of substrates to be simultaneously positioned adja- 
cent to respective ones of said polishing surfaces. 

15. The polishing method of 14, further comprising 
loading and unloading said substrates to and from 
one of said substrate heads at a transfer station to 
perform elsewhere said polishing of said surface of 
said substrate, wherein said transfer station is dis- 
posed at a position on said support structure such 
that said predetermined rotation of said carousel 
additionally causes another of said substrates to be 
simultaneously positioned adjacent to said transfer 
station. 

16. A polishing apparatus, comprising: 

a rotating platen for supporting and holding a 
polishing surface; and 

a substrate head for holding a substrate in fric- 
tional contact with said polishing surface, being 
rotatable about an axis of said substrate head 
during a polishing operation, and being recipr- 
ocabry movable in a linear direction over said 
polishing pad during said polishing operation. 

17. A wafer loading process, comprising: 

transferring into a bath contained in a tub a cas- 
sette storing a plurality of wafers, wherein prin- 
cipal faces of said wafers stored in said cas- 
sette stationarily disposed within said bath ex- 
tend substantially vertically; and 
transferring a selected one of said wafers 
stored in said cassette disposed within said 
bath to a wafer processing apparatus. 

18. A wafer loading process as recited in Claim 17, 
wherein said cassettes are stationarily disposed 
within said bath with said principal faces being in- 
clined at an angle of no more than 15° from a ver- 
tical direction. 

19. A wafer loading process as recited in Claim 17, 
wherein said transferring step includes vacuum 
chucking said selected wafer to a blade inserted in- 
to said bath. 

20. A wafer loading system, comprising: 

a cassette having a plurality of separated stor- 
age position therein for holding a plurality of 
substrates; 

a tub for holding said cassette in a liquid bath 
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contained within said tub; 
a blade attached to a movable arm and posi- 
tionable within said tub for being juxtaposed to 
any one of said plurality of substrates held in 
said cassette held in said liquid bath, said blade $ 
containing a recess on a side thereof juxta- 
posed toward said any one substrate; and 
a selective vacuum source connected to said 
recess so to selectively vacuum chuck said any 
one substrate in said bath. io 

21 . A wafer loading system, as recited in Claim 20, fur- 
ther a sensor measuring a gas pressure within said 
recess to determine if said any one substrate has 
been vacuum chucked in said bath. is 

22. A method of supplying polishing liquid to a polishing 
surface on a top of a platen assembly, comprising: 

rotating said platen assembly, wherein rigidly 20 
attached around said platen assembly is a wall 
and bottom defining a reservoir on an upper 
side of said bottom; 

filling said reservoir with said polishing liquid 
from a stationary liquid port attached to a body 2S 
rotatably supporting said platen assembly; 
pumping said polishing liquid from said reser- 
voir through passages formed in said rotating 
platen assembly to a top of said platen assem- 
bly adjacent to said polishing surface. 30 

23. A method as recited in Claim 22, wherein said 
pumping is performed by a pump mounted on said 
rotating platen assembly. 

35 

24. A method as recited in Claim 23, further comprising 
pneumatically powering said pump through a pneu- 
matic lines rotatably coupled into said platen as- 
sembly. 

40 

25. A polishing apparatus and liquid polishing feed 
therefor, comprising: 

a rotatable platen assembly for having a polish- 
ing surface on a surface thereof; 45 
a generally annular reservoir fixed to said rotat- 
able platen around a rotation axis of said platen 
assembly and below said polishing surface; 
a port for a polishing liquid vertically disposed 
between said polishing surface and said reser- so 
voir and fixed relative to said rotatable platen 
assembly; and 

a pump rotating on said rotatable platen assem- 
bly capable of pumping said polishing liquid 
from said reservoir to an upper surface of said ss 
rotatable platen assembly adjacent to said pol- 
ishing surface. 



26. A polishing apparatus as recited in Claim 25 further 
comprising a rotary coupling fixed on said rotatable 
platen assembly and coupling a stationary line and 
a rotatable line coupled to said pump for selectively 
powering said pump. 

27. A polishing apparatus as recited in Claim 25, where- 
in said platen includes a port disposed substantially 
at a rotational center thereof and wherein said pump 
pumps said polishing liquid to said port. 

28. A method of removing a polishing pad supported on 
a rotating platen, comprising selectively blowing a 
fluid to a central portion of an interface between said 
rotating platen and said polishing pad to thereby 
peel said pad from said platen. 

29. The method of Claim 28 : further comprising before 
said blowing step: 

stopping a rotating of said platen; 

attaching a fluid hose to a coupling fixed to said 

platen; and 

thereafter energizing said fluid hose with a pos- 
itive fluid pressure of said fluid. 

30. A polishing apparatus with peelable pad, compris- 
ing: 

a rotatable platen for supporting thereon a pol- 
ishing pad; 

a passage passing through said platen to a cen- 
tral portion thereof supporting said pad; and 
a source of fluid with positive fluid pressure se- 
lectively connected to said passage, whereby 
said positive fluid pressure can create a bubble 
to separate said pad from said platen. 

31. The polishing apparatus as recited in Claim 30, fur- 
ther comprising a detachable connection between 
said passage and said source of fluid to be attached 
and detached while said platen is not rotating. 

32. An apparatus for centering a substrate, comprising: 

a pedestal tor receiving said substrate on a sur- 
face thereof; 

a column supporting said pedestal; 
three centering assemblies substantially equal- 
ly angularly distributed about said pedestal and 
each comprising, 

a centering member generally disposed 
outside a periphery of said pedestal, 
an arm extending radially underneath said 
pedestal and supporting said centering 
member on a distal end of said arm, and 
a rib extending downwardly along said col- 
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umn and supporting on an upper end there- 
of a proximal end ot said arm; 

a hinge supporting a lower end of said rib ad- 
jacent to said column: and 
an actuator connected to said rib between its 
upper and lower ends. 

33. The centering apparatus of Claim 32, wherein each 
centering member comprises a claw pivotably sup- 
ported on said distal end of said arm and having two 
fingers on ends thereof selectively engageable with 
said substrate supported on said pedestal. 

34. The centering apparatus of Claim 32, wherein said 
column and said pedestal attached thereto are ver- 
tically movable relative to said centering members. 

35. The centering apparatus of Claim 32, wherein each 
said centering assembly includes a vertical pin dis- 
posed outside a periphery of said pedestal and fur- 
ther comprising for each centering assembly a pair 
of alignment tines extending substantially horizon- 
tally on either side of said vertical pin and fixed rel- 
ative to a movement of said centering assembly. 

36. A rotary fluid union, comprising: 

a central shaft and a generally annular outer 
member surround said central shaft and rotat- 
able therewith; 

a first plurality of axial passages passing axially 
along said central shaft and having respective 
transverse passages connecting therefrom to- 
wards an outer surface; 
a first plurality of fluid passages formed in said 
outer member; and 

a first plurality of annular manifolds formed ei- 
ther in said central shaft or said outer member 
and being in fluid communication with a respec- 
tive one of said transverse passages in said 
central shaft and a respective one of said fluid 
passages in said outer member; 
annular lip seals disposed on sides of said man- 
ifolds, having lip portions extending toward a 
center of said manifolds, and having back por- 
tions; 

fluid passages disposed in back of said back 
portions of said lip seals and connectable to a 
source of fluid pressure less than fluid pres- 
sures in said fluid passages. 

37. The rotary union of Claim 36, wherein two lip seals 
are disposed on axially opposed sides of each of 
said annular manifolds. 

38. The rotary union of Claim 37, wherein said backpor- 
tions of said lip seals rest on a backing surface at- 



tached to said outer member. 

39. The rotary union of Claim 38, wherein said fluid pas- 
sages are included in separate axial portions axially 

s separable. 

40. The rotary union of Claim 39, wherein said said 
backing surfaces are annular members placeable 
between said axial portions. 

10 

41. A self-tensioning mechanical surface processing 
apparatus, comprising: 

a receiving surface for holding a generally pla- 
is nar substrate to be mechanically processed; 

a rotatable surface conditioning head for hold- 
ing a surface conditioning surface thereon for 
mechanically processing said substrate when 
said conditioning head is rotating and pressed 
20 against said substrate in a first direction; 

an arm supporting on a distal end thereof a cir- 
cular rotation member fixed to and rotating said 
conditioning head; 

a support structure pivotably supporting a prox- 
25 imal end of said arm about a pivoting axis; 

a drive shaft substantially fixed to said support 
structure and having a circular drive member 
attached to an end thereof at a location oppo- 
site said first direction from said pivoting axis; 
30 and 

an elastic belt wound between rotation member 
and said drive member. 

42. The surface processing apparatus of Claim 41 , 
35 wherein said receiving surface is rotating while said 

conditioning head is rotating. 

43. The surface processing apparatus of Claim 42, fur- 
ther comprising an actuator connected between 

40 said support structure and said arm for selectively 
biasing said conditioning head toward said sub- 
strate. 

44. A gimballed head, comprising: 

45 

a head for holding a first planar surface to be 
rotated about a second planar surface of a sub- 
strate; 

a rotatable drive shaft oriented approximately 
so perpendicularly to said first surface; and 

a gimbal structure connected between said 
drive shaft and said head, having a gimballing 
center located at or below an interface between 
said first and second surfaces and rotating said 
55 head. 

45. The gimballed head of Claim 44, wherein said gim- 
bal structure includes: 
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a first lower member capable of holding said 
first surface against said substrate and includ- 
ing a first spherically shaped surface; 
a second upper member connected to said 
drive shaft and including a second spherically 
shaped surface, said first and second spheri- 
cally shaped surfaces having substantially 
common centers of spherical symmetry located 
at or beneath said interface between said first 
and second planar surfaces by a distance less 
than a radius of said spherically shaped surfac- 
es; and 

a ball bearing assembly interposed between 
said first and second spherical surfaces. 

46. The gimballed head of Claim 44, further comprising 
at least one substantialy oriented alignment pin lat- 
erally orienting said drive shaft and said head. 

47. The gimballed head of Claim 45, further comprising 
an elastic O-ring disposed between said first and 
second members and positioned to limit a nutation- 
al angle between said first and second members. 



48. The gimballed head of Claim 44, wherein said sub- 
strate comprises a polishing pad to be conditioned. 

49. A polishing system, comprising: 

a rotatable platen for bearing a polishing sur- 
face for polishing a substrate pressed therea- 
gainst; 

a conditioning head having an abrasive surface 
fixed to an arm supported adjacent to said plat- 
en and positionable over said platen to condi- 
tion said polishing surface; and 
a receptacle for holding said conditioning head 
with said abrasive surface facing said recepta- 
cle when said conditioning head is not condi- 
tioning said polishing surface. 

50. The polishing system of Claim 49, wherein said re- 
ceptacle contains flowing liquid therein. 

51. The polishing system of Claim 49, wherein said re- 
ceptacle is rotatably positionable between a first po- 
sition for storing said conditioning head and a sec- 
ond postion for when said conditioning head is con- 
ditioning said polishing surface. 

52. A method of chucking and dechucking a substrate 
from a platen holding said substrate on an upper 
side thereof, said platen having a plurality of holes 
in a holding surface thereof, comprising the steps 
of: 

applying a negative pneumatic pressure 
through said holes to chuck a substrate to said 



w 
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platen; and 

applying a positive fluid pressure through said 
holes to dechuck said substrate from said plat- 
en. 

53. The method of Claim 52, wherein applying step ap- 
plies a liquid through said holes. 

54. A method of chucking and washing for a substrate 
held on a platen with holes through a top surface 
thereof, comprising the steps of: 

chucking said substrate to said platen by apply- 
ing a negative pneumatic pressure through said 
holes; and 

ejecting a washing liquid through said holes. 
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55. The method of Claim 54, wherein said holes include 
a central hole adjacent a center of said platen and 
a plurality of offset holes between said center and 
a periphery of said platen, and further comprising 
preventing said ejecting step from ejecting said 
washing liquid through said central hole but said 
chuck step applies said negative pneumatic pres- 
sure through said central hole. 

56. A method of Claim 54, further comprising placing a 
substrate on said platen from a substrate holding 
head and wherein said ejecting step washes a bot- 
tom of substrate holding head. 

57. A substrate handling system for transferring sub- 
strates between cassettes holding said substrates 
and having lifting fixtures attached to a side thereof 
and a substrate processing system having a hori- 
zontal receiving surface, comprising: 

an overhead track; 

an arm descending from said track along a ver- 
tical axis and linearly movable along said track; 
a wrist assembly suspended from a bottom of 
said arm and being extensible from said arm 
along said vertical axis, being rotatable about 
said vertical axis, and being rotatable about a 
horizontal axis of said wrist assembly; 
a blade attached to said wrist assembly extend- 
ing outwardly from said horizontal axis and be- 
ing selectively engageable with one of said sub- 
strates; and 

a coupling member attached to said wrist as- 
sembly extending outwardly from said horizon- 
tal axis and being selectively engageable with 
one of said lifting fixtures. 

58. The handling system of Claim 57, wherein said 
blade contains a vacuum port on a principal surface 
thereof for vacuum chucking one of said substrates. 
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59. The handling system of Claim 58, wherein each 
said holding fixtures comprises a handle extending 
horizontally from a side of said cassette and having 
a back portion separated from said side of said cas- 
sette by a space and wherein said coupling member 
is vertically insertable into said space and includes 
a first side for contacting said side of said cassette 
and a second side having a horizontally extending 
contact surface for engaging a bottom of said han- 
dle. 

60. The handling system of Claim 57, wherein said 
blade and said coupling member extend from said 
horizontal axis of said wrist assembly along respec- 
tive directions angularly separated by approximate- 
ly 90°. 

61 . A splash plate assembly for sealing a shaft passing 
through a slot formed in a first member and movable 
in a longitudinal direction along said slot, compris- 
ing: 

a recess formed in a surface of said first mem- 
ber and including said slot passing through said 
first member; 

a first ridge rising above a bottom of said recess 
around a perimeter of said slot; 
a guide member extending upwardly from a 
bottom of said recess at a location displaced 
laterally from a side portion of said slot; 
a D-shaped member rotatably sealed to said 
shaft and having a second ridge descending 
downwardly around a perimeter thereof; 
a linear channel formed in said first member ex- 
tending at an angle offset from said longitudinal 
direction; and 

a guide member extending vertically from said 
D-shaped member and engaging said linear 
channel. 

62. A washing and holding station, comprising: 

a platen having a upper surface capable of sup- 
porting a substrate; 

a plurality of fluid ports formed in said upper 
surface; 

a column supporting said platen and having a 
vertical channel passing therethrough and flu- 
idly connected through said platen to said fluid 
ports; 

a source of liquid; 

a source of vacuum; and 

a Y-connection between said sources of liquid 

and vacuum and said vertical channel. 

63. The washing and holding station of Claim 62, 
wherein said platen is substantial circular and said 
plurality of fluid ports include a central one of said 



ports disposed at a center of said platen overlying 
said vertical passage and a plurality of said fluid 
ports offset from said central fluid port and further 
comprising a check valve operatively disposed be- 
5 tween said central fluid port and said vertical pas- 
sage allowing gas to flow therethrough but prevent- 
ing said fluid therethrough from flowing from said 
vertical passage. 

10 64. A method of transferring a wafer and of washing, 
comprising: 

providing a platen having a plurality of fluid 
ports on an upper supporting surface thereof; 
1 $ holding a wafer on a bottom side of a wafer 

head overlying said platen; 
ejecting a liquid from said fluid ports to said wa- 
fer held on said wafer head; 
vertically relatively moving said wafer head and 
said platen toward each other and stopping mo- 
tion at a wafer transfer position; 
transferring said wafer from said wafer head to 
said platen while said wafer head and said plat- 
en are at said wafer transfer position. 

65. The method of Claim 64, wherein said transfering 
step includes applying a negative gas pressure to 
said fluid ports to chuck said wafer to said platen. 



30 66. The method of Claim 64 further comprising, when 
neither said platen nor said wafer head holds a wa- 
fer, ejecting a liquid from said fluid ports toward said 
wafer head overlying said platen. 

35 67. A substrate washing apparatus, comprising: 

a pedestal for supporting a wafer; 

a wafer head for selectively holding said wafer 

on a downwardly facing side thereof and posi- 

40 tionable over said pedestal; 

a basin shroud having disposed therein said 
pedestal and being sized to receive there said 
downwardly facing side of said wafer head 
through an upper aperture therein; and 

45 a plurality of spray jets disposed on lateral sides 

of said basin shroud for jetting a liquid toward 
a middle pf said basin shroud; 
wherein at least one of said pedestal, said wa- 
fer head, and said basin shroud is vertically 

50 movable such that said spray jets can alterna- 

tively 

(a) spray a first side of said wafer and said 
downwardly facing side of said wafer head 

55 while said wafer is supported on said ped- 

estal, and 

(b) spray a second side of said wafer while 
said wafer is held by said wafer head. 
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68. A wafer polishing system, comprising: 

two platens bearing respective polishing pads 
on sides thereof facing a first direction and be- 
ing rotatable about respective centers arranged 
along a first line; 

a washing chamber disposed between said two 
platens and having an elongate aperture on a 
side thereof facing said first direction, said ap- 
erture having a minor axis substantially parallel 
to said first line and a major axis substantially 
perpendicular thereto, said washing chamber 
having at least one nozzle facing said aperture 
and directing a liquid from said nozzle at least 
partially along said first direction; and 
at least one wafer head selectively holding a 
wafer on a side thereof facing opposite said first 
direction and being positionable to place said 
wafer adjacent to either of said polishing pads 
and to said aperture of said washing chamber. 

69. A wafer polishing system, as recited in Claim 68, 
further comprising a pliable material disposed on a 
side of said aperture of said washing chamber fac- 
ing said first direction which is contactable with said 
wafer. 

70. A method of polishing wafers, comprising: 

rotating a wafer in fractional engagement with a 
first rotating polishing pad; 
rotating said wafer pressed against a sealing 
surface of an elongate chamber, said elongate 
chamber having a major axis extending sub- 
stantially along a diameter of said wafer and a 
minor axis extending substantially perpendicu- 
lar thereto; 

spraying a liquid within said chamber toward 
said rotating wafer pressed against said sealing 
surface; and 

then rotating said wafer in frictional engage- 
ment with a second rotating polishing pad. 

71. A polishing apparatus, comprising: 

a rotatable carousel having a plurality of slots 
extending to slot openings on a circumferential 
side thereof; and 

a plurality of wafer heads for selectively holding 
respective wafers on sides thereof, said wafer 
heads being insertable onto said slots through 
said slot opening and being tightenable to said 
carousel after being so inserted. 

72. A polishing apparatus as recited in Claim 71 , further 
comprising respective slides extending along said 
slots and supporting said wafer heads, said wafer 
heads being f ixable to said slides such that said wa- 



fer heads can move in radial directions along said 
slots. 

73. A method of removing a polishing pad from a platen, 
5 comprising: 

providing a fluid channel to a first principal side 
of said platen bearing a polishing pad; and 
pressurizing said fluid channel to substantially 
io above atmospheric pressure to create a bubble 

between said polishing pad and said platen. 
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